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L REAL PARTY IN INTEREST 

The real party in interest is Monsanto Company, the parent company of assignee 
Monsanto Technology LLC. 

IL RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences. 

In - STATUS OF THE CLAIMS 

Claims 1-26 were filed with the application. Claims 2-7 were canceled and claims 12-26 
are withdrawn as being directed to a non-elected restriction group. Claims 1 and 8-11 are 
therefore currently pending and under examination. Claims 1 and 8-11 were rejected by the 
Examiner in the Final Action dated October 1 8, 2007 and are the subject of this appeal. A copy 
of the appealed claims as they currently stand is provided in Section VIII. 

IV - STATUS OF AMENDMENTS 

An amendment to claims 1, 8 and 1 1 was made in the Response to Office Action filed on 
June 11, 2002 and was entered by the Examiner. An amendment to claim 1 was made in the 
Response to Office Action filed on December 2, 2003 and was entered by the Examiner. An 
amendment to claims 1 and 8 was made in the Response to Office Action filed on April 11, 2005 
and was entered by the Examiner. An amendment to claim 1 was made in the Response to 
Office Action filed on April 20, 2006 and was entered by the Examiner. An amendment to 
claims 1 and 8 was made in the Response to Office Action filed on November 20, 2006 and was 
entered by the Examiner. An amendment to claim 1 was made in the Response to Office Action 
filed on July 27, 2007 and was entered by the Examiner. No subsequent amendments have been 
filed. 

25744103.1 

-2- 



V. SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claim 1 relates to a method for producing a stably transformed chimeric 
dicotyledonous plant having transgenic root tissue. Specification from page 3, line 10 to page 3, 
line 12. The method comprises the steps of: 

obtaining a stem or hypocotyl explant from a selected dicotyledonous plant species, 
wherein the hypocotyl explant has a cut end below the cotyledon (Specification from page 7, line 
15 to page 7, line 17); 

transforming the stem or hypocotyl explant with Agrobacterium rhizogenes containing an 
exogenous nucleic acid sequence capable of being transferred to the explant, wherein the cut end 
of the hypocotyl explant is contacted with the Agrobacterium rhizogenes (Specification from 
page 7, line 19 to page 7, line 21); 

culturing the transformed explant in a root initiating media to produce transformed roots 
(Specification from page 7, line 27 to page 7, line 28); and 

transferring the transformed roots to soil or a hydroponic environment to produce a 
chimeric dicotyledonous plant having transformed roots and wild type shoots, stems and leaves 
(Specification from page 7, line 31 to page 7, line 34), wherein the dicotyledonous plant is 
soybean (Specification from page 8, line 20 to page 10, line 31). 

VI - GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Were claims 1 and 8-11 properly rejected under 35 U.S.C. 103(a) as being unpatentable 
over Trulson et al. (EP 0262972 A2) in view of Simpson et al. (1986 Plant Mol. Biol. 6:403-415) 
and further in view of Savka et al. (1990 Phytopathology 80:503-508)? 
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VII. ARGUMENT 

A. The Claims Are Not Obvious Because the Combination of Trulson et al., Simpson 
et al. and Savka et al. Do Not Teach or Suggest All Claim Elements 

The Examiner asserts that Trulson et al. teaches a method of producing a stable 
transformed chimeric cucumber plant having transgenic root tissue, by obtaining a hypocotyl 
explant, inoculating the explant with Agrobacterium rhizogenes and producing plants. Trulson et 
al. is further asserted to demonstrate chimeric cucumber plants at page 6, line 45-55, describing 
690 roots from A. r/z/zogerces-inoculated hypocotyl sections, where 64 roots regenerated plants, 
22 of which were positive for NPTII, the transgenic selection marker. Of 1 1 plants that had not 
been selected for NPTII expression, two were said to be positive for NPTII, whereas the 
remaining 9 did not have the selectable marker. These are asserted to represent chimeric plants 
with transgenic roots and non-transgenic shoots. 

The Examiner further asserts that Simpson et al. teaches the A. rhizogenes transformation 
of soybeans to produce transformed roots and Savka et al. teaches the effectiveness of A. 
rhizogenes K599 in inducing hairy roots in soybean. 

However, the assertions of the Examiner are incorrect because Trulson et al. does not 

teach the production of a stably transformed chimeric plant having transformed roots and wild 

type shoots, stems and leaves. Further, neither Simpson et al. nor Savka et al. teach transformed 

chimeric plants. Since the combination of references, and the art generally, do not teach or 

suggest each element of the claims, nor provide motivation to practice the claimed methods, the 

rejection under 35 U.S.C. 103(a) should be reversed. 

1. Trulson et al. Does Not Teach The Formation of a Chimeric Dicotyledonous 
Plant Having Transformed Roots and Wild Type Shoots, Stems and Leaves 

Trulson et al. recites inoculating cucumber hypocotyl sections with A. rhizogenes then, 

after one week, transferring the inoculated sections into media without kanamycin (Page 5, lines 
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52-62). Kanamycin is used to select for tissue that has the NPT gene, which is encoded on an Ri 
plasmid that is in the A. rhizogenes inoculum. In a successful transformation, the NPT gene is 
transferred to the plant where it deactivates the selective agent kanamycin. 

The roots produced on the inoculated surfaces of Trulson et al. were excised and divided 
into two groups. In the first group (Series A), the excised roots were placed on media without 
kanamycin. The second group (Series B) consisted of roots that were placed on media with 
kanamycin (p. 6, lines 4-9). After 2-3 weeks, embryoids that appeared on the root surface were 
detached and transferred to media without kanamycin for 10-14 days to develop mature 
embryoids (p. 6, lines 9-11). The mature embryoids were transferred to a media without 
kanamycin where plantlets (with shoots) were produced. The regenerated plantlets were 
transplanted into soil in pots for hardening and development into plants (p. 6, lines 12-15). 

Transformation of the regenerated plants was assessed by assaying leaf tissue for NPT on 
the plantlets before transferring the plantlets to pots, and 2-4 weeks after the transfer. FIG. 2 of 
Trulson et al. shows the results of an NPT assay on leaf tissue of 9 plants, where plants 1 and 6 
had leaf tissue positive for NPT (p. 6, lines 1 8-26). 

As discussed on page 6, line 44 - page 7, line 29 of the reference, 691 roots were 
harvested from the Series A and Series B groups, of which 64 regenerated into plantlets. Trulson 
et al. note that this is similar to the amount of regenerated plantlets expected from non- 
transformed root explants. Of those 64 plants, 22 were NPT positive in the leaf assay. In Series 
A (no initial kanamycin selection), 1 1 plants were regenerated, of which two were NPT positive 
in the leaf assay. Although the Examiner asserts that the nine negative Series A plants are 
chimeras, Trulson et al. did not test the roots for NPT or any other indicia of transformation. 
Since those plants were never under selection, there is no basis to suggest that these plants were 
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transgenic at all. Specifically, since non-transformed root explants exhibit a similar amount of 
regeneration as transformed root explants, there is no reason to believe that the nine plants 
asserted by the Examiner to be chimeras have any transformed tissue at all. Similarly, with the 
Series B plants (rootlets subject to kanamycin selection), of 565 roots cultured, 53 regenerated 
into plantlets, of which 22 had NPT-positive leaf tissue. However, there is no basis to believe 
that the 31 plantlets that did not have NPT in their leaves were transformed at all. Indeed, 
Trulson et al. express a belief that these plants are not transformed, at page 7, lines 25-27, by 
stating, "[t]he addition of 25 mg/1 kanamycin did not affect the regeneration process of the 
transformed tissue, nor did it prevent regeneration of some NPT-negative plants." (emphasis 
added). It is also well known in the art that a selection regime yields some non-transgenic plants. 
Further, transient, non-stable transgenic expression can occur where a transgene does not stably 
insert into the genome. Again, Trulson et al. did not test the roots for NPT so there is no 
evidence that any of the plants were chimeras: Trulson et al. simply do not make any such 
suggestion. 

In contrast to Trulson et al, Applicants' method for producing a chimeric plant involves 
transforming a suitable explant that is capable of maintaining a non-transgenic stem, leaves and 
other plant structures after inoculation with A. rhizogenes. Specification at p. 7 11. 12-14. An 
incision or wound is made in the explant, which is preferably a stem, hypocotyl or similar 
structure. Next, the explant is inoculated with A. rhizogenes at the wound site. Transgenic roots 
can then be induced at the inoculated end of the explant. Id. at p.7 11. 15, 19-21, and 26-29. 
Using Applicants' claimed method, once roots begin to grow on the explant, the entire chimeric 
plant may be grown in soil or hydroponics rather than media because the wild type shoots, stems 
and leaves support the transgenic roots. Id. at p.7 11. 31-34. Trulson et al. simply does not teach 
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or suggest such a method or the plants produced thereby in which chimeras having transformed 

roots and wild type shoots, stems and leaves are obtained. 

2. Simpson et al. and Savka et al. Do Not Teach or Suggest Claim Elements 
Lacking in Trulson et al 

To establish a prima facie case of obviousness, the prior art references or art generally 
must teach or suggest all the claim limitations. M.P.E.P § 706.02(j). 

The Examiner cites Simpson et al. and Savka et al. as teaching soybean plant systems 
which may be transformed using A. rhizogenes. However, because Trulson et al. do not teach a 
stably transformed chimeric dicotyledonous plant with transformed roots and wild type shoots, 
stems and leaves, as thoroughly explained above, the claims can only be obvious if Simpson et 
al. and Savka et al. teach or suggest this missing element of Applicants' invention. As explained 
below, this is not the case. 

Savka et al. relate to use of hairy root cultures for propagation of soybean cyst 
nematodes, and the transformed tissues are maintained as root cultures. See, e.g. page 504, right 
column; page 507, right column. Savka et al. also explain that no opine-positive transformed 
roots were induced from hypocotyl inoculation; transformed roots were obtained from globular 
callus that developed at the inoculation site on cotyledons. Abstract. Thus, Savka et al. do not 
describe a successful method of obtaining transformed roots from soybean hypocotyl explants. 
Further, no chimeric plants are described or apparently contemplated in Savka et al. 

Simpson et al. likewise describes development of transformed root clones. See, e.g. page 
409, section entitled "Plant Transformation", including Table 2. Specifically, Simpson et al. 
state that "...we inoculated inverted stems or hypocotyls of... soybean. The resulting roots were 
excised and transferred to hormone-free media and grown as separate root clones." p. 409, left 
column, bottom paragraph, emphasis added. Additionally, Simpson et al. note difficulties with 
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soybean, particularly, "a high background of non-transformed roots." Abstract. Simpson et al. 
do suggest fully transformed plants might be regenerated from transformed roots, p. 411, right 
column, paragraph 2. Yet, nowhere do Simpson et al. describe production of a stably 
transformed chimeric plant as presently claimed. 

In light of the above, Applicants respectfully submit that no combination of the cited 
references teach or suggest the production of a stably transformed chimeric dicotyledonous plant 
having transgenic root tissue and wild type shoots, stems and leaves. Therefore Applicants' 
invention is not rendered obvious from them and reversal of the rejection is therefore respectfully 
requested. 
B. Conclusion 

It is respectfully submitted, in light of the above, that none of the claims are properly 
rejected. Therefore, Appellants request that the Board reverse the pending grounds for rejection. 

Respectfully submitted, 

/Robert E. Hanson/ 

Robert E. Hanson 
Reg. No. 42,628 
Attorney for Appellants 

Date: March 17, 2008 



Sonnenschein Nath & Rosenthal LLP 
1717 Main Street, Suite 3400 
Dallas, TX 75201 
Tel.: 214.259.0931 
Fax: 214.259.0910 
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VIII. CLAIMS APPENDIX 

APPEALED CLAIMS: 

I. A method for producing a stably transformed chimeric dicotyledonous plant having 
transgenic root tissue, the method comprising the steps of: 

obtaining a stem or hypocotyl explant from a selected dicotyledonous plant species, 
wherein the hypocotyl explant has a cut end below the cotyledon; 

transforming the stem or hypocotyl explant with Agrobacterium rhizogenes containing an 
exogenous nucleic acid sequence capable of being transferred to the explant, wherein the cut end 
of the hypocotyl explant is contacted with the Agrobacterium rhizogenes; 

culturing the transformed explant in a root initiating media to produce transformed roots; 

and 

transferring the transformed roots to soil or a hydroponic environment to produce a 
chimeric dicotyledonous plant having transformed roots and wild type shoots, stems and leaves, 
wherein the dicotyledonous plant is soybean. 

8. The method of claim 1 wherein transformed roots are initiated in the hypocotyl by 
placing the end of the hypocotyl contacted with the Agrobacterium rhizogenes in a media 
containing l A strength Murashige and Skoog media. 

9. The method of claim 8 wherein the media further comprises a selectable agent. 

10. The method of claim 9 wherein the selectable agent is kanamycin. 

I I . The method of claim 1 0 wherein the concentration of kanamycin in the media is no more 
than 50 mg/L. 
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IX. EVIDENCE APPENDIX 

Exhibit A: Trulson et al, "Genetic transformation and controlled regeneration of cucumis SP 
in vitro." European Patent Publication No. 0262972, published June 4, 1988. Cited 
by Examiner. 

Exhibit B: Simpson et al, "A disarmed binary vector from Agrobacterium tumefaciens 

functions in Agrobacterium rhizogenes," Plant Molecular Biology 6: 403-415, 

1986. Cited by Examiner. 
Exhibit C: Savka et al. , "Induction of hairy roots on cultivated soybean genotypes and their use 

to propagate the soybean cyst nematode," Phytopathology 80: 503-508, 1990. 

Cited by Examiner. 
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with A. rhizogenes containing the vector PARC8 or pARC16 
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Description 

"GENETIC TRANSFORMATION AND CONTROLLED REGENERATION OF CUCUMIS SP IN VITRO " 



Cross Reference to Related applications : 

5 The genetic transformation methods of this invention may be followed by explant regeneration techniques 
set forth in our copending explant regeneration case (our reference N 43003, hereinafter referred to as case 
92/9) filed of even date herewith, or by protoplast isolation and regeneration techniques set forth in our 
copending protoplast regeneration case (our reference N 43004, hereinafter referred to as case 92/13) filed of 
even date herewith. Likewise, the somaclonal variants produced by the techniques of case 92/9 or somatic 

10 hybrids produced by protoplast/cytoplast/sphereoplsast/liposome fusion (92/13) may be preceded by and 
combined with the transformation techniques of this case. The disclosures of those cases are hereby 
incorporated by reference herein to the extent needed. 

Field: 

15 This invention relates to genetic transformation of Cucumis sp. plants by use of Agrobacterium rhizogenes 
and subsequent regeneration in vitro into genetically altered plants. More specifically, this invention relates to 
transformation of Cucumis sp. plants by inoculation of inverted hypocotyl sections with A. rhizogenes, 
induction of roots thereon, and regeneration of genetically altered plants from the root tissue. The 
regeneration can be achieved directly from the induced roots, or from explants of tissue from the roots, stem, 

20 or leaves of plantlets or mature plants, employing CTM-1 to -3 culture media, or from protoplasts isolated from 
such tissue employing CMP-1 to -3 media. The transformation techniques of this invention, when combined 
with regeneration, somatic hybridization, and somaclonal variation screening, permit a complete range of 
techniques for genetic improvement in plants, and more specifically, in the genus Cucumis . Transgenic plants 
of this invention called "PCRI HIDensity" are characterized as having a compact morphology (short 

25 internodes). 

Background 

Sterility barriers between species are among the most limiting factors in plant breeding. They preclude 
transfer of many desirable traits such as disease, insect and herbicide resistance between species of 

30 cultivated or week plants because of sexual incompatibility. This problem is especially acute in the family 
Cucurbitaceae , which includes the genera Cucumis (cucumbers (C. sativus ), and melons [C. melo ]). Citrullus 
(watermelons) and Cucurbita (squash.) Among the cultivated species of the genus Cucumis , successful 
sexual crosses can be made only between C. sativus and the closely related C. harwickii . Attempts to 
interbreed cucumbers and other species in this genus failed (Deakin et al.. 1971). 

35 The recent advances in genetic engineering seem to be a promising alternative to sexual propagation 
techniques for improvement of this economically important crop. This is particularly true in the case of tissue 
culturing where an increase in genetic variation, so-called somaclonal variation, is noted (Larkin and Scowcroft 
1981). Further, sterility barriers may be overcome by fusion of protoplasts of sexually incompatible species. 
However, the lack of a reliable method for regeneration of Cucumis plants by explant tissue culture techniques 

40 has prevented significant progress until our recent developments of both : a) the CTM-1 through CTM-4 series 
of explant embryoid,generation and development media, as reported by us in Trulson, A.J. and Shahin, E.A., "In 
vitro plant regeneration in the genus Cucumis " (in press 1986) and covered in our copending application 
(92/9); and b) the CPM-1 through CPM-3 series of protoplast regeneration and development media, also 
reported by us in the aforesaid paper (Trulson and Shahin, in press 1986) and covered in our copending 

45 application (92/13). 

Still another route to overcoming sterility barriers is the introduction of desirable traits by gene transfer and 
subsequent expression thereof. Inter- and intraspecific gene transfer is a major objective of genetic 
engineering. Successful expression of transferred genes in transformed plants is possible and has already 
been achieved in several systems (Fraley et al., 1983; Herrera-Estrella et al., 1983; Bevan 1984; Horsch et al., 

50 1985; Jones et al., 1985). This success is the basis for the great hopes for future crop improvement through 
the incorporation of various desirable traits. The application of genetic engineering would be especially 
welcome in the .improvement of the genus Cucumis , particularly cucumbers, since sexual incompatibility 
between cucumbers and other members of the family Cucurbitaceae precludes transfer of such traits as 
disease and insect resistance using convention breeding methodology (Deakin et al., 1971). 

55 The most widely used method of gene transfer is via a disarmed form of the Ti plasmid of the soil bacteria 
Agrobacterium tumefaciens (Zambryski et al., 1983). A. tumefaciens is a plant pathogen that causes 
crown-gall tumors after infection of wounded dicotyledonous plants. Large plasmids (Ti-plasmids) are 
responsible for the oncogenicity of the bacterium. Crown-gall tumours contain a DNA segment, called the 
T-DNA, which is homologous with a defined part of the Ti-plasmid present in the tumor-Inducing bacterium, 

60 and is stably integrated into the plant genome. Apart from the T-DNA, another region of the Ti-plasmid-called 
the vir-region, is essential for tumour induction (Hoekema et al„ 1983). An alternative tool for gene transfer is 
A. rhizogenes, which differs from A. tumefaciens by inducing roots rather than tumours (Chilten et al. 1982; 
David et al., 1984). 
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Binary Ti plasmid vector systems consist of two plasmids in Agrobacterium , where one plasmid contains the 
DNA that can be transferred to plant cells and the other contains the virulence (vir) genes which are necessary 
for the DNA transfer but are not themselves transferred. Hoekema et al. (1983) reported the interaction In A. 
tumefaciens of two compatible plasmids, one containing the vir-region, the other carrying the T-DNA on a wide 
host-range replicon. An A. tumefaciens strain harboring both plasmids has a normal tumor-inducing capacity, 5 
although neither plasmid is functional alone. With this approach, the T-DNA on one plasmid can, becaue of it 
size, be easily genetically manipulated using Escherichia coll as a host. Transfer of this plasmid into an A. 
tumefaciens strain harboring the plasmid with the vir-region allows introduction of the manipulated T-DNA into 
plant cells. In this way, sophisticated binary vector systems for plant genetic engineering can be developed. 

Simpson et al. (in press 1986) constructed two non-oncogenic vectors (pARC4 and pARC8) based on the 10 
binary Ti plasmid system of Agrobacterium tumefaciens for plant transformation. Each vector contains the left 
and right termini sequences from pTiT37. These sequences, which determine the extent of DNA transferred to 
plant cells, flank unique restriction enzyme sites and a marker gene that functions in the plant (nopaline 
synthase in pARC4. or neomycin phosphotransferase in pARC8). After construction in vitro , the vectors can 
be conjugatively transferred from E. coli to any of several Agrobacterium strains containing vir genes. 15 

Using A. rhizogenes strain A4 containing the resident Ri plasmid plus a vector with the nopaline synthase 
marker, Simpson et al (in press, 1986) found that up to 50% of the hairy roots resulting from the infection of 
alfalfa or tomato synthesized nopaline Vector DNA encoding a screenable marker was frequently 
co-transferred with Ri plasmid DNA to an alfalfa or a tomato cell. In contrast, they found the frequency of 
co-transfer to soybean cells difficult to estimate because they encountered a high background of so 
non-transformed roots using that species. Up to five copies of the vector DNA between the terminal 
sequences were faithfully transferred and maintained in most cases suggesting that the termini sequences 
and the vir genes from the Ri and Ti plasmids are functionally equivalent. Simpson et al (in press 1986) did not 
study the family Cucurbitaceae or the genus Cucumis . 

To our knowledge no one has been able to successfully transfer genetic material into Cucumis sp. plant 25 
tissue via either A. tumefaciens or A. rhizogenes with regeneration into a genetically altered plant structure 
(cell, ceil colony, tissue, mini-caili, embryoid, plantlet, or plant) which expressed the transferred gene. Thus, to 
date, this avenue of genetic engineering for Cucumis sp. has remained closed. 

Accordingly, there is a need for an efficient, facile and reproducible method by which A. rhizogenes can be . 
used successfully to transfer a foreign gene into Cucumis sp. plant structures or plants, which methodology 30 
opens new avenues in genetic improvement of Cucumis sp. by permitting the transfer of agronomically 
desirable genes. Additionally, there is a need for a technique for introduction of marker genes, such as 
kanamycin resistance, to facilitate somatic inter- and intraspecies hybridization/cybridization of Cucumis sp. 
with other species. 

05 

THE INVENTION 



Objects 

It is among the objects of the invention to provide methods for the genetic transformation of plant structures 
and/or plants by use of Agrobacterium rhizogenes, and more particularly, transformation of Cucumis sp. plant 
tissue. 

It is another object of the invention to provide methods of in vitro regeneration of transformed Cucumis sp. 
plant tissue into competent, genetically altered mini-calli, embryoids, roots, plantlets and plants. 

It is another object of this invention to provide processes for the in vitro generation, induction and 
regeneration of cells, cell colonies, mini-calli, embryoids and plantlets from genetically altered protoplasts or 
explant tissue which are capable of developing into mature plants. 

It is another object of this invention to provide methods of continuously producing genetically altered plant 
mini-calli and embryoids for encapsulation as artificial seeds. 

It is another object of this invention to apply the novel methods and media of this invention to the production 
of improved plants in the genus Cucumis . 

It is another object of this invention to shorten the time for producing genetically engineered and/or 
hybridized plant stock without having to go through full seed development. 

It is another object of this invention to asexually propagate plants without hormonal or chemical induction of 
flowers. 

It is another object of this invention to provide methods for introducing foreign or selectable marker genes 
into Cucumis sp.. inter alia , to facilitate somatic hybridization. 

It is another object of the invention to produce genetically altered mini-calli and embryoids which may be 
stored frozen, followed by later thawing and continuation of maturation and development into genetically 
altered plantlets and/or plants. 

It is another object of this invention to provide methods of transforming Cucumis sp. tissue to facilitate 
asexual somatic hybridization. 

It is another object of this invention to introduce one or more vector T-DNA(s) alone, the Ri-plasmid T-DNA 
alone, or both vector and Ri plasmid T-DNA(s). of A. rhizogenes into Cucumis sp. plants with expression of 
one or the other, or both. 

It is another object to introduce resistance to kanamycin, chloramphenicol, or other antibiotics, to Cucumis 
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sp. plants as marker genes for genetic engineering and trait selection. 
Still other objects of this invention will be evident from the balance of this specification and claims. 

Definitions 

5 The terminology used herein is not intended to vary from the terminology used in the field. However, the 
meaning of some terms used in the field is not necessarily uniform, and the following definitions will be of help 
in this case: 

"Transformation refers to genetic alteration of a plant by introduction, and stable and heritable 
incorporation, into the subject plant DNA of a foreign (plant, bacterial, viral or chimeric) ONA. 
10 "Plantlet refers to a plant sufficiently developed to have a shoot and a root that is asexually reproduced by 
cell culture. 

"Explant refers to a section or a piece of tissue from any part of a plant for culturing. 
"Hormone" refers to a plant growth regulator that affects the growth or differentiation of plants, and is 
exogenous as used in reference to the various media herein. 
15 "Callus", and its plural "calli" refer to an unorganized group of cells formed in response to a cut, severing or 
injury of a plant, and herein refers to the unorganized cell growth which may form on explant tissues during 
culturing or from division of protoplasts which have regenerated cell walls. 
"Embryoid refers to a structure similar in appearance to plant zygotic embryo. 
"Somatic Hydrid" and "Somatic-Hybridization" refers generally to stable combination of cellular material, be 
20 it protoplast/protoplast or protoplast/cytoplast combinations, and includes cybrids and cybridization. 



Abbreviations 

NAA - alpha-naphthaleneacetic acid 
25 ZR - Zeatin Riboside 

BAP = 6-benzylaminopurine 
GA3 = Giberelllc acid 

2,4-D - 2,4-dichlorophenoxyacetic acid MS Medium - Murashige and Skoog Medium (Murashige and Skoog, 
1962) 

30 CPM — Cucumis Protoplast Medium, as in CPM-1, -2, -3 (Trulson and Shahin, 19S6) 
CPE «» Cucumis Protoplast Enzyme solution 
CPE-G - Cucumis Protoplast Enzyme solution containing glycine 

CTM — Cucumis Transformation Medium, as in CTM-1, -2, -3, -4 (Trulson and Shahin, 1986) 
PET Solution = Tomato pre-enzymatic solution (Shahin, 1985) 
35 TM-1 - Tomato Medium 1 (Shahin, 1985) 
TM-2 - Tomato Medium 2 (Shahin, 1985) 

pARC8 = A binary vector introduced in A. rhizogenes (Simpson et al., 1986) 

PARC16 = A modified pARC8 binary vector having a 9.0 kb Hind III fragment at the Hind III site of the T-DNA 
Hind III = A well-known restriction enzyme 
40 AB Medium - Agrobacterium Medium (Chilton et al., 1974) 

Drawings 

The disclosures herein have reference to the drawings in which: 

Figure 1 is a schematic of the pARC8 vector plasmid used in the transformation of this invention ; 
45 Figure 2 is a reproduction of the NPT II test to select for kanamycin resistance ( + ) or absence of 

resistance (-); 

Figure 3 is a reproduction of the Southern blot Hind III fragment analysis demonstrating integration of 
the Vector DNA into the plant genome; and 
Figure 4 is a photographic reproduction of a transgenic plant of this invention compared to a normal 
SO control. 

Summary 

Transgenic cucumber plants were regenerated from roots induced by inoculation of inverted hypocotyl 
sections of Cucumis sativus L., cv. Straight Eight with Agrobacterium rhizogenes containing the vector pARC8 
55 or pARC16 in addition to the resident Ri-plasmid. 

Roots produced on the surfaces of inverted hypocotyls inoculated with A. rhizogenes were excised, and a 
first series were placed on CTM-2 medium (comprising MS salts, 5uM 2,4-D 5 n- M NAA and 2 nM BAP in OJO/a 
agar), followed by culturing for 2 - 3 weeks under continuous light (3500 lux), at 27" C. A second series of 
inoculated roots were cultured on CTM-2 medium supplemented with 25 mg/l of kanamycin (Sigma). 
60 Embryoids that appeared on the root surface were detached and transferred to CTM-3 Medium (MS with 5uM 
NAA and 2uM BAP in 0.7°/o agar), and cultured in the same conditions for 10 - 14 days. Mature embryoids were 
transferred onto hormone-free MS medium (1«A> agar) on which shoots were produced. To eliminate bacterial 
carry-over, media contained 100 mg/l of cefotaxime. 
The DNA transferred to the plant from the vector (T-DNA) included a gene which encoded the enzyme 
65 neomycine phosphotransferase II, and thus conferred on the plant cells resistance to kanamycin. The 
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transgenic plants looked normal and were positive for the neomycin phosphotransferase II. Southern blot 
analysis of the transgenic plants revealed that all plants contained vector ONA, but only some of them 
contained ONA from the Ri plasmid. 

The transgenic plants of this invention produced fruit having germinable seed which has been carried into 
the R-2 generation, and is called 'PCRI HiDensity". plants of which are characterized as having a compact 5 
morphology (short intemodes) permitting closer plant spacing, with attendant greater production per acre. 

Figure 1 shows a schematic of the disarmed pARC8 vector plasmid used in the transformations of this 
invention. The vector contains a wide host range replicon (to permit the replication of the plasmid in both 
Escherichia coli and Agrobacterium ). a bacterial origin of transfer (which permits the vector to be mobilized by 
a helper plasmid), and markers encoding resistance to tetracycline (TETR) and arnpicillin (AmpR), which allow to 
selection of bacteria containing the vector. The unique restriction enzyme sites Eco Ri and Hind III facilitate the 
insertion in vitro of "foreign ONA fragments into the vector. The flags mark the termini sequences which 
Agrobacterium uses to delimit the ONA it transfers to plants cells. The NOS/NPT is a selectable marker which 
confers resistance to kanamycin in transformed plant cells. This chimeric gene consists of the neomycin 
phosphotransferase (NPT) coding region, flanked by the nopaline synthase (NOS) promoter and terminator. is 
The pARC16 is a modified pARC8 vector. 

Detailed Description of the Best Mode of Carrying Out the Invention 

The following detailed description is by way of example and not by way of limitation of the principles of this 
invention, and has reference to specific examples in which transformation by A. rhizogenes followed by 20 
regeneration, embryoid generation from induced roots and plantlet development therefrom, within the scope 
of this invention is described for cucumber ( Cucumis sativus L.) by way of example. 

EXAMPLE A. Transformation of Cucumis sp. 

25 

1. Media Composition 

The composition of the various media employed herein are as set forth in the corresponding references 
given above, unless otherwise noted herein. 

2. Source of Cucumis Hypoctyl Sections for Inoculation. 30 
Seeds of cucumber cv. Straight Eight (ARCO Seed, Brooks, Oregon) are sterilized in 10% (v/v) Clorox 

(commercial bleach containing 5.25<Vo sodium hypochlorite) with a drop of Tween 80 (one droplet per 100 ml of 
the sterilizing solution) for 10 minutes, then rinse 3x in sterile, distilled water and placed in sterile petri plates 
(ca 30 per plate) lined with moist Whatman #3 filter paper. To assure uniform and rapid germination of the 
seeds, plates are kept for 24 - 30 hours at 27° C, in the dark. Germinated seeds (radicle length ca 5mm) are 35 
placed aseptically in Magenta boxes (six seeds per box) containing ca 40 ml of TM-1 medium (Shahin, 1985) 
supplemented with 150 mg/l of Carbenicillin (Sigma), and incubated for four days in a growth chamber, at 21°C 
night, 26°C day, 14 hour photoperiod (4500 lux). When the seedlings are green, but the cotyledons only 
partially unfolded. Magenta boxes are placed for 14 hours in the dark, at room temperature. 

40 

3. Vector plasmid and Agrobacterium strain . 

We used the A4 strain of A. rhizogenes containing, in addition to the resident Ri-plasmid, a vector pARC8 
(see Figure 1) derived from the Ti plasmid of A. tumefaciens (Simpson et a!., in press 1986), or a vector 
pARC16, which is a modified pARC8 vector in which a 9.0kb Hind III restriction fragment inserted at the Hind III 
site of the T-DNA region. The methods and binary vector of this system is disclosed and claimed in copending 45 
application Serial Number 634,283. filed July 25, 1984, the disclosure of which is hereby incorporated by 
reference herein to the extent required. As shown in Figure 1, the selectable marker in pARC8 (and in 
pARC16), which conferred resistance to kanamycin, is NOS/NPT, a chimeric gene constructed from Tn5 
neomycin phosphotransferase (NPT) coding region flanked by the nopaline synthase (NOS) promoter and 
terminator. 50 

4. Inoculation Procedure. ^ly 
The inoculum consisted of four-day-old culture of the above A-4 (pARC8 or pARC16) A. rhizogenes strain •' 

grown at room temperature in the dark, on AB medium (Chilton et al„ 1974) supplemented with 5 mg/l of ' • 
tetracycline (Sigma) to select for the bacterial Tel" marker on the vector. The inoculum was collected on sterile ' 55 
bacteriological loop and smeared gently on the cut surface of inverted hypocotyl sections (approx. 2 cm longV' 
of the seedlings of 1 above which were placed in hormone-free MS medium (Murashige and Skoog, 1962)?fne 
plates were then sealed and incubated at 27° C, under continuous light (2500 lux). One week after inoculation, 
the hypocotyl sections were cut above the agar surface and transferred into hormone-free MS medium 
supplemented with 100 mg/l of the antibiotic cefatoxime (Calbiochem), followed by incubation in the same SO 
conditions. Cefatoxime, an arnpicillin analogue, was used since it is not modified by the beta-lactamase 
encoded by the AmpR gene on the vectors pARC8 or pARC16. 
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5. Plant regeneration using CTM Media. Test Series A and B. 

In all media below, the pH was adjusted to 5.8 prior to autoolaving at 121°C for 15 minutes. To eliminate 
bacterial carry-over, the- media contained 100mg/l of cefotaxime. 
In a first series of tests (Series A), roots (5 to 10 mm in length) produced onthe inoculated surfaces were 
5 /excised and placed on CTM-2 Medium (comprising of MS s alts, 5n M 2,4-D (Sigma), 5 u. M NAA (Sigma), 2 u. M 
/ BAP (Sigma) in 0.7% agar) followed by culturing fo 2 - 3 weeks under continuous light (3500 lux) , at 27° C. 
^-^-In a second series (Series B), the roots were excised and cultured in CTM-2 Medium supplemented with 25 
mg/1 of kanamycin (Sigma) to select tranformed plants. 
In both series of tests, embryoids that appeared on the root surface after 2 - 3 weeks were detached and 
10 transferred to CTM-3 Medium (MS medium having 5 u.M NAA and 2|xM BAP in 0.7<>/o agar) and cultured under 
the same conditions for 10 - 14 days to develop mature embyroids. 

These mature embryoids were transferred onto CTM-4 medium (hormone free MS medium solidified with 
10/o agar) on which shoots (plantlets) were produced. 
These regenerated plantlets were transplanted to a mixture (1:1, v/v) of peatlite (Jiffy Products Co., West 
15 Chicago IL) and soil for hardening and development into plants. 

6. Neomycin phosphotransferase (NPT) assay. . 

The frequency of transformation by vector DNA was assessed in the regenerated plants of both Series A 
and B using an assay for NPT (Reiss et al., 1 984) . Small pieces (approximately 25 mm 2 ) of leaf tissue were used 
20 in the assay. The assay was performed twice, initially on plantlets on the hormone-free CTM-4 medium, and 
later on plants, 2 - 4 weeks after they had been potted and hardened in the soil mixture. 

Figure 2 shows the neomycin phosphotransferase II test on cucumber plants regenerated from roots 
induced by inoculation with A. rhizogenes in accord with this invention. We used the native polyacrylamide gel 
assay of Reiss et al. (1984). Numbers 1-9 represent samples from randomly chosen cucumber plants 
25 regenerated without selection on kanamycin, sample No. 10 is a positive control (bacteria producing NPT). 
"NPT* indicates mobility of the enzyme. 

7. Isolation of DNA and Southern blot analysis. 

Southern blot analysis (Southern, 1975) was used to confirm the integration of the NOS/NPT gene in the 
30 DNA of the NPT-positive plants. The DNA was isolated from 2 grams (fresh weight) of young leaf tissue 
according to the procedure of Saghai-Maroof et al. (1984), then digested with Hind III and electrophoresed on 
an agarose gel, blotted and probed essentially as described by Thomashow et al. (1980). Plasmid pNEO 105 
(Simpson et al., 1986; copending application Serial No. 634,283) containing the chimeric gene NOS/NPT. was 
used- as-the probe of the^ti^eTO^pojjtjo.o^twe vector DNA. Southern blot analysis was also used to 
35 investigate the extent of the Ri-'plasmid DNA transfer into the DNA of the NPT-pbsitive*planfs. Pla'srffidsf FW94 
and pFW41 (Huffman et ai., 1984). which are clones of the Ri plasmid T-DNA, were used as probes to 
determine the presence of the Tl-DNA and Tr-DNA, respectively. 

Figure 3 shows the southern blot hybridization analysis of cucumber plant DNA demonstrating integration of 
the vector DNA into the cucumber genome, Lane 1 : half-copy reconstruction of the chimeric NOS/NPT gene 
40 containing Eco Ri- and Hind III- digested pNEO 105 which contains the NOS/NPT gene cloned in pBR322 
(Simpson et al., 1986). Lane 2: Hind Ill-digested DNA from non-transformed, control cucumber plant. Lanes 
3-6: Hind Ill-digested DNA from NPT-positive plants regenerated from transformed roots. The probe is 
pNE0105. 

45 9. Results and Discussion 

The A4 strain of A. rhizogenes containing vectors pARC8 or pARC16 infected Cucumis sp. cells, as 
exemplified by the cucumber hypocotyls above, as indicated by dense, cream-colored callus that appeared on 
inoculated surfaces after 7-10 days. One or two weeks later this callus produced roots. Control, uninoculated 
hypocotyl fragments produced small amounts of white, loose callus but did not produce roots. 

SO A total of 691 roots harvested from the inoculated hypocotyl sections were- plated on the embryo-induced 
CTM-2 Medium. Of these, over 9.2<>/o (64 roots) regenerated into plantlets. This is a similar ratio as was 
obtained with non-transformed root explants. Among each of the 64 plantlets regenerated from a separated 
root, 22 plantlets were positive in the test for the neomycin phosphotransferase II (NPT-positive). These plants 
remained NPT-positive when assayed a second time after they were potted in the soil mix. Table I below 

55 summarizes the results. 



60 



6 



iOOCIO: <EP__026»72A2J_> 



0 262 972 



Transformation of cucumber ( Cucumis sativus L. , cv. 
Straight Eight) by -A^. rhizoaenes with and without 
selection on kanamycin. 



Selection 
Agent 


Number of roots 
cultured 


Number of roots 
that regenerated 
into plantlets 


Number of 

NPT-positive 

plantlets 


- kanamycin 


126 


11 


2 


+ kanamycin 


565 


53 


20 


Totals 691 


64 


22 



As noted above in Table I, without selection for resistance to kanamycin two out of eleven regenerated 
plants were NPT positive, whereas when kanamycin (25mg/l) was added to the embryo-inducing CTM-2 
medium, some 40<Vo of the regenerated plants were NPT-positive. Figure 2 shows the NPT test for 9 of the 1 1 
plants, with Nos. 1 and 6 showing positive; No. 10 in Figure 2 is the positive control. The addition of 25 mg/l 
kanamycin did not affect the regeneration process of the transformed tissue, nor did it prevent regeneration of 
some NPT-negative plants. This concentration of kanamycin (25 mg/l) also allowed some growth of the control 
(non-tranf ormed) roots : however, the controls did not regenerate plants in the presence of kanamycin. 

In another series of tests (Series C). kanamycin concentration was doubled to 50 mg/l, but this 
concentration of kanamycin slowed plant regeneration and increased the number of abnormal plantlets. 

Southern blot analysis of the DNA from the NPT-positive plants (Figure 3) confirmed the integration of the 
vector T-ONA in cucumber DNA. Each transformed plant contained a single copy of foreign DNA, as indicated 
by the presence of two bands corresponding to two border fragments (Figure 1) resulting from the Hind III 
digest. DNA was isolated from five independent, NPT-positive plants, digested by Hind III and analyzed using 
Southern blots. The probes were pNEO 105 (vector DNA; Simpson et al., 1986), pFW94 or pFW41 (for Tt-DNA 
and Tr-DNA, respectively; Huffman et al.. 1984). Among the five plants assayed for the integration of the 
Ri-plasmid DNA (which can be integrated into plant genome in two fragments: T left (TO, and T right (Tr); 
White et al., 1985), two plants did not contain any Ri-plasmid T-DNA, one plant had a 5.7 kb fragment of the 
Tr-DNA, and two plants had different amounts of the Tl-DNA. This demonstrates that the method of this 
invention does not select strongly for or against Tl-DNA or Tr-DNA. Table II below summarizes the analysis 
proving the integration of the vector DNA as well as Ri plasmid DNA (both fragments), as follows: 
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TABLE II 



Integration of the vector DNA (NPT) and the Ri-plasmid 
DNA (T L and T R ) into DNA of five cucumber plants as 
a result of transformation with A. rhizoaenes . 



Hind III fragments (kb)i^- 



Plant 
# 


A. Rhizoqenes 
Vector Plasmid 


Vector 
T-DNA 
(NPT) 


T L -DNA 


T R -DNA 


20 1 


pARC8 


5.7; 4.9 


0 


5.7 


2 


PACR8 


12.0; 4.8 


0 


0 


3 


PARC16 


9.4; 4.9 


0 


0 


25 4 


pARCIS 


4/8; 3.9 


3.4 1 5.9 


0 


5 


pARC16 


6.4; 3.7 


3.4 





1) The probes were pNEO 105 (vector DNA; Simpson et al., 
1986) , pFW94 or pFW41 (T^-DNA and T R -DNA, 
respectively; Huffman et al. , 1984) 

2) This agrees with the mobility expected for the internal 
Hind" III ffagmerit (H-21) of the T^-DNA,- as described 
by White et al. (1985). 



40 The tranfer of the vector-DNA only, vector plus Ri-DNA, or Ri-DNA only illustrates the flexibility of this 
system of transformation. The transfer of the vector-DNA only as observed in plants 2 and 3 (Table II) shows 
that a transfer of a desired gene can be achieved in cucumber using the A. rhizogenes strain without removing 
the Ri-DNA from the resident plasmid. In other words the resident Ri-plasmid does not have to be disarmed. 
On the other hand, since some of the characteristics associated with the Ri-plasmid DNA (like shorter 

45 internodes and male sterility) may also be desirable, Table II shows that cucumber plants having both the 
vector and the Ri-DNA can be created and selected. The method of transformation of this invention also 
permits recovery of plants containing only the Ri-DNA, which plants thus will be compact and male sterile, if 
such characteristics only are desired. 
Figure 4 shows a normal, control plant of C. sativus L, c.v. Straight Eight on the left, as compared to a 

SO transgenic plant of this invention, "PCRI HiDensity". on the right. Generally, the PCRI HiDensity plants may be 
described as trailing, annual herbs with branched hirsute vines and tendrils. Leaves are alternate, simple with 
petioles, palmately 3- to 5-lobed or angular, and thicker and narrower, pointed leaves may be expected in 
some plants. Tendrils are simple, lateral, stipular in position, one at each node. Transformed plants may be 
characterized from the control or wild plants in having shorter than normal internodes, on the order of 2.5 - 7.5 

55 cm as compared to the normal 10-15 cm, resulting in a compact morphology. The flowers are monoecious, 
but gynoecious, perfect, andromonecious and trimonecious forms are also expected to occur. The flowers are 
yellow or cream colored, fascicled or solitary, and often borne at every node. The staminate flowers have the 
calyx and corolla united to form a tubular receptacle, stamens basically 5, alternate With petals, filaments free 
or united, anthers free or coherent in a head. The pistillate flowers have the calyx and corolla similar to the male 

60 flowers, ovary inferior usually with one locule and 3 or 4 carpels, style solitary with 2- or 3-lobed stigma. The 
fruit is a fleshy berry, indehiscent. The seeds are large, numerous, white or tan colored, with no endosperm, 
and embryos have large cotyledons. The seeds from the fruit of compact (short internodal) genetically 
transformed plants of this invention are germinable and have been grown into the R2 generation to date. 
Upon maturation, the transgenic as well as the regenerated control cucumbers displayed varing degrees of 

65 diminution and abscission of male flowers. The abscission of male flowers in the control plants (which were 



0 262 972 



regenerated but not transformed indicates that the reduced fertility most, likely did not result from 
transformation, as was reported in other species (Tepfer, 1984), but rather was due to abnormalities 
associated with the regeneration procedures. In heritable form, these genetic alterations are significant and 
beneficial in Cucumis (particularly C. sativus ) breeding, since compact stature and male sterility are desirable 
in this species (Kauffman and Lower, 1976). Thus, shortened internodes developed in these plants permit 5 
production of the same fruit on lesser acreage, at correspondingly lower costs. Stated conversely, more fruit 
can be produced from the same acreage. 

Surprisingly, none of the transgenic plants showed abnormalities in leaf morphology, such as leaf wrinkling 
as expected from the reports of tobacco, carrot and morning glory transformed with sA. rhizogenes (Tepfer 
1984). jo 

Using the methods of this invention, we recovered transgenic cucumber plants within 10 weeks. This 
methodology is simpler and faster than the co-cultivation method (Marton et al., 1979) in which plant 
protoplasts are transformed. The co-cultivation method is labor-intensive and prone to contamination, 
whereas the techniques of this invention consist of a few, simple steps that can be effectively performed in 
standard laboratories. Furthermore, somaclonai variation frequently results from protoplast culture, whereas 15 
organized tissue is known to remain more stable (Shepard et al., 1980; Krens et al.. 1982; Horsch et al., 1985). 

Although our work indicates that some, cucumber cultivars do not regenerate plants from roots under the 
specified conditions (Trulson and Shahin, 1986; or copending case 92/9), the cultivars discovered by us which 
are capable of root regeneration (Sunblest, Burpless, Bush Slicer, GY 14, Straight 8) can serve as 
intermediates in gene transfer to other genetic backgrounds. Additionally, since the genotypes capable of 20 
regeneration from roots represent highly advanced germplasm, genetic engineering performed in this 
germplasm will help to advance already superior genotypes. 

The methods of transformation of this invention also facilitate somatic hybridization (including both hybrids 
and cybrids) in Cucumis sp. plants, particularly cucumber. Although the potential of somatic hybridization is 
well recognized, the previous lack of selectable markers constitutes a major obstacle in manipulating 25 
protoplasts of higher plants (Cocking et al., 1981. Thus, the methods of this invention permit the introduction 
of drug-resistance markers to aid in identification and selection of desirable protoplast (or px/c y ) fusion 
products. 

Further, DNA encoding chloramphenicol-resistance can be transferred to chloroplasts (Van den Brock et 
al., 1985). Thus, with the methods and markers of this invention, kanamycin and chloramphenicol resistance 30 
can be introduced into plant tissue by appropriate vectors, and chloramphenical and kanamycin can be used 
to select for nucleus/chloroplast fusion products with the desired marked traits. Thus, somatic hybrid isolation 
and selection is facilitated. Moreover, these markers would be of great value if transfers of agronomicaily 
important genes, since the presence of an easily identifiable marker linked to an agronomicaily desirable gene 
would permit efficient selection in tissue culture (Fraley et al., 1983; Herrera-Estrella et al., 1983). 35 

Example B. Transformation/Somatic Hybridization. 

Somatic hybridization is accomplished by protoplast-protoplast or protoplast-cytoplast fusion (generically 
Px/Cyfusion). The protoplasts and/or cytoplasts of different species, cultivars or genetically altered plants 
(such as the transgenic plants of this invention) having desired traits should be separately liberated, prepared, 40 
fused and regenerated as described in our copending case 92/13. 

Transformation may precede, or follow, somatic hybridization, or may be sequentially combined with 
electroporation, cocultivation or chemical fusion techniques, and somaclonai variation selection via culturing, 
to assist in isolating and selecting plants with desired traits. 

Further, these fusion techniques can also be used to genetically transform protoplasts by fusing them with 4S 
liposomes (phospholipid bilayer vesicles) that may contain foreign DNA, or bacterial sphereoplasts, which are 
bacterial cells devoid of cell walls. 



Example C. Encapsulation of Transgenic Embryolds - 

Artifical Seeds . Since in vitro production of somatic embryoids as in Example AS above results in embryolds 
without protective seed coats, the transgenic embryoids of this invention may be encapsulated, individually or 
in groups, in capsules or coatings to retard dehydration and preserve them for future 'planting" and growing 
as set forth in our copending cases 92/9 or 92/13. 

Example D. Regeneration After Freeze Storage of Transgenic 

Embryoids/Minl-Calli , One or more of the transgenic protoplastt sources, protoplasts therefrom, mini-calli, 
or embryoids may be stored frozen for extended periods, then thawed and regenerated following the steps 
and media set forth in our copending cases 92/9 and 92/13. 

It should be understood that various modifications within the scope of this invention can be made by one of 
ordinary skill in the art without departing from the spirit thereof. For example, the positive response of Cucumis 
sp. plants to transformation and regeneration by the media and methods of this invention render them useful in 
breeding. One important application is in the production of gynoecious populations to replace the current 
expensive treatment with silver nitrate. Another application of this invention is use of the techniques herein in 
combination with somatic hybridization and/or somaclonai variation as a valuable source of diversity in plant 
material used in breeding. The fusion of transformed protoplasts or transformation of px/c v fusion, followed by 
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regeneration may be used for selection of individuals resistant to pathogens, toxic metals, pesticides and 
herbicides. The latter is of particular importance because cucumbers are very sensitive to herbicides. 

Tne application of genetic engineering in cucumber and muskmelon breeding is of special value. These two 
species are sexually incompatible. Conventional crosses and transfer of many desirable traits like disease 
5 resistance heretofore have not been possible (Deakin et al., 1971). Such barriers are now removed with the 
development of capability of gene transfer through plant transformation disclosed herein, used alone or in 
combination with somatic hybridization disclosed in our copending case 92/13. Further, the explant 
regeneration culture techniques of our copending case 92/9 leads to selection of desirable traits through 
somaclonal variation. 

10 In addition to the ability to transfer horticulturally desirable genes into cucumber or muskmelon, genetic 
engineering procedures are particularly valuable in introduction of marker genes such as resistance to 
kanamycin or chloramphenicol. These markers facilitate somatic hybridization via protoplast fusion, thus 
removing the sterility barriers in the genus Cucumis . 
We therefore wish our invention to be defined by the scope of the appended claims as broadly as the prior 

75 art will permit, and in view of this specification if need be. 
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1. The new and distinct variety of cucumber plant, PCRI Hi-Density, shown and described, and the 
seeds and embryoids or mini-calli thereof. 

2. A method of transforming plant tissue which comprises 

inoculating said plant tissue with A. rhizogenes containing a vector in addition to the resident Ri plasmid 
for a time sufficient to introduce said vector to at least some of the cells of said tissue to form at least one 
transgenic cell, and 

optionally culturing at least one of said transgenic cell(s) in an appropriate medium for a time sufficient to 
regenerate a competent plant structure selected from a competent colony of cells, tissue, mini-calli, 
embryoid, plantlet, plant and seed. 

3. The method of claim 2 wherein said plant tissue is hypocotyl tissue. 

4. The method of claim 2 wherein said plant tissue is from a member of Cucumis sp. 

5. The method of claim 1 wherein said culturing step includes culturing on CTM-3 Medium, followed by 
culturing on CTM-3 to form a mature transgenic embryoid, and transferring said embryoid to CTM-4 
Medium for development into a plantlet. 

6. Competent transgenic mini-calli or embryoids produced by the process of claim 2. 

7. A method of culturing competent transgenic mini-calli or embryoids produced by the method of 
claim 2 and frozen which comprises 

thawing said frozen transgenic embryoid or mini-calli ; and 

culturing said thawed transgenic embryoid or mini-calli to promote further development and maturation 

8. A method of obtaining a transgenic plant tissue which comprises the steps of : 

a) fusing one ore more cellular-derived material(s) selected from one or more protoplast (s) . 
cytoplast(s) , sphereoplast(s) . liposome(s) and mixtures thereof, from one recipient plant, with one 
or more cellular-derived material selected from one ore more protoplast(s) , sphereoplast(s) , 
liposome(s) . cytoplasts and mixtures thereof from another, donor organism to produce a fusion 
product; and 

b) culturing said fusion product for a time sufficient to produce a viable genetically altered 
mini-calli or embryoid. 

9. The method of claim 8 wherein said fusion is selected from p x /c y fusion, and said donor material 
source is selected from plant and bacterial cell material. 

10. The method of claim 9 wherein said material source for both said donor and recipient is from 
Cucumis sp. plant cells. 
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introduction 

Because of their natural ability to transfer DNA 
to plant cells, Agrobacterium tumefaciens and its 
Ti plasmids have been used as vectors to introduce 
foreign DNA into plants (as reviewed recently 27, 
54). Since the production of auxins and cytoki- 
nes by transformed cells is often incompatible 
with normal plant regeneration, it is frequently 
iesirable to 'disarm' the plasmids by removing the 
oncogenes responsible for the synthesis of these 
growth regulators and to introduce selectable or 
*reenable markers in their place. The large size of 
he Ti plasmids makes it necessary to use inter- 
mediate vectors. One intermediate vector method is 



the 'co-integration' approach, whereby foreign 
DNA is inserted into a vector that cannot replicate 
in Agrobacterium, but can recombine with the.Ti 
plasmid through a homologous portion of the vec- 
tor, producing a co-integrate of the two plasmids 
(16, 21, 55). Another method is the binary vector 
approach whereby a foreign gene is inserted into a 
disarmed T-DNA which itself is joined to a broad 
host range replicon that can replicate in Agrobac- 
terium (3, 6, 17, 24, 26, 29). 

The mechanism of T-DNA transfer from the bac- 
teria to the plant is not known in detail, but at a 
minimum, transfer requires termini sequences and 
v/r genes fron> the Ti plasmid in addition to bac- 
terial chromosomal genes. The termini sequences 
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are imperfect 25 basepair direct repeats found 
flanking the T-DNA, at least one of which is re- 
quired for the transfer (9). The vir genes are re- 
quired for DNA transfer but are themselves riot sta- 
bly transferred to the plant (34). Although the vir ' 
genes and the T-DNA are normally part of the 
same bacterial replicon, a binary system is possible, 
in which these functions are on separate replicons 
(17, 24, 26). 

Since an oncogenic marker is not present in these 
disarmed vectors, other markers have to be used to 
identify genetically transformed plant cells. Some 
markers, such as enzymes which result in the 
production of opines, can be used to screen trans- 
formed tissue for the presence of opines (e.g., octo- 
pine, nopaline or agropine; 37). Other markers, 
such as enzymes which confer resistance to antibi- 
otics, can be used to select transformed tissue 
which can grow in the presence of an antibiotic 
(eg., kanamycin, chloramphenicol or methotrexate; 
23). 

Agrobacterium rhizogenes (27) is considered a 
close relative of A. tumejaciens because of its simi- 
lar mechanism of plant transformation based on 
. DNA transfer to plants, the similar function of the 
vir genes, and the production of opines by trans- 
formed tissue. A. rhizogenes frequently produces 
transformed, hairy roots so the endogenous plas- 
mid has been called the Ri ('root-inducing') plas- 
mid. Hairy roots from several species have been 
regenerated into plants which contain T-DNA from 
the Ri plasmid- (10, 12, 43, 44). In cases where 
plants can be regenerated from roots, the combina- 
tion of vir genes from the Ri plasmid and a gene 
transfer vector derived from the T-DNA of A. 
tumejaciens may be the system of choice for gene 
transfer. 

We report here, the construction of binary vec- 
tors for use in A. tumejaciens or A. rhizogenes con- 
taining either, a selectable marker that confers 
kanamycin-resistance to transformed plant cells, or 
a marker that is easy to screen, nopaline synthase. 
Inoculation of several plant species with A. 
rhizogenes containing a vector resulted in hairy 
roots. With alfalfa and tomato, we could demon- 
strate frequent co-transfer of vector DNA and Ri 
plasmid DNA. Southern analysis of the roots has 
shown that in most cases the DNA was transferred 
and integrated faithfully into the plant genome. 



Materials and methods 

The procedure for transformation of Escherichia 
coli with plasmid DNAs is as described (1). Other 
manipulations of nucleic acids are essentially those 
described by Maniatis et al. (32), unless otherwise 
indicated. Restriction enzymes and pUC8 were ob- 
tained from Bethesda Research Laboratories. The 
BgHI linkers were from New England Biolabs. The 
bacterial strains and plasmids used for these experi- 
ments are listed in Table 1. 

Plasmid constructions 

The vector pARC4 was constructed as illustrated 
in Fig. 1A. The plasmid pBstEII 9, 14 (52) carries 
the 1.5 kb EcoRI fragment 29 derived from Ti plas- 
mid pTiT37. This fragment contains the left termi- 
nus of the T-DNA region located approximately 50 
basepairs from the right end of the fragment (51, 
53). The plasmid pT37H23, a generous gift from 
Scott Stachel, carries the 3.2 kb Hindlll fragment 
23 from Ti plasmid pTiT37 (18). From left to right, 
this fragment contains the 5' portion of the DNA 
encoding transcript 6b, the entire nopaline synthase 
or NOS gene, the right terminus sequence and a 
portion of the Ti plasmid which is not transferred 
to plant cells. 

The chimeric gene 'NOS/NPT was constructed 
by placing the coding region for the neomycin 
phosphotransferase II gene (NPT) from the bac- 
terial transposon Tn5 under control of the tran- 
scriptional regulatory signals of the nopaline syn- 
thase gene (NOS). The 'NOS/NPT gene is part of 
the plasmid pNEO105 whose structure is shown 
schematically in the bottom panel of Fig. 2. The 
NOS gene fragment was derived from the plasmid 
pT37H23 (18). Based on the numbering convention 
of Depicker et al. (18), pNEO105 contains the 
nopaline synthase promoter (from the Bell site at 
position -265 to position +30) and polyadenyla- 
tion site (from the SphI site at position + 1136 to the 
Hindlll site at position + 1972). The NPT frag- 
ment was derived from the plasmid pNEO (P-L Bi- 
ochemicals) which contains the neomycin phos- 
photransferase II gene from Tn5 cloned into 
pBR322. Based on the numbering convention of 
Beck et al. (4), pNEO105 contains a portion of the 
NPT gene (from position 1543 to the Smal site at 
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asmiils name 


Description . 


Reference 


IstEII 9, 14 


pTiT37 BstEII fragments 9 & 14 


Yang & Simpson (52) 


cloned in pMB9 




JC8 


AmpR 


Vieira & Messing (47) 


•37H23 


AmpR; pTiT37 Hindlll fragment 


Depicker el al. (18) 




23 cloned into pBR322 




JC8-22-2I 


AmpR; pTiT37 EcoRI fragment 


This paper. 




29 cloned into pUC8 


Ditta et al. (19) 


UC290 


IncP; TetR, derivative of pRK2 


IK20I3 


IncP; KanR; can mobilize 


Ditta et al. (19) 




pRK290 and its derivatives 




IRCI 


AmpR; pTiT37 Hindlll fragment 


This paper. 




23 cloned into pUC8-22-21 




UCMI 


pRK290 with EcoRI site 


This paper. 




eliminated 




\RC3 


Deletion derivative of pARCl 


This paper. 


VRC4 


pARC3 cloned into Bglll site 


This paper. 




of pRKMl 




JEO 


NPTll gene from Tn5 cloned 


P-L Biochemicals. 




into pBR322 




■JEO105 


Nas/NPT gene in pBR322 


This paper. 


UIC8 


Replacement of Nos gene in 


This paper. 




pARC4 with WOS/NPT&ne 




(IUD26 


Chimeric soybean SS/NPT gene 


McKnight & Simpson, 




in pARC4 


in preparation. 


MJD27 


Chimeric soybean SS/NPT gene 


McKnight & Simpson, 




in pARC4 


in preparation. 


hV94 


Left T-DNA of pRiA4 


Huffman et al. (28) 



F-, hsdS20(rB-mB-), recA 13, ara-14, proA2 
lacYI, galK2, rpsL20 (SMR), xyl-5, mtl-1, 
supE44, lambda 

ara, del lac-pro, strA, thi, Phi80dlacZ 
del M15 



Agrobacterium rhizogenes; pRiA4 



Vieira & Messing (47) 



White and Nester (48) 



osition 2516), which includes the entire coding re- 
ion from the NPT gene. The vector pARC8 was 
onstructed from pNEO105 and pARC4 as illus- 
fated in Fig. IB. 

ntroduction into Agrobacterium 

The vectors were transferred from E. coli to A. 
, bizogenes A4 by conjugation, in the presence of a 
hird bacterium, E. coli strain HB101 containing 
he plasmid pRK2013 (19) to mobilize the vectors. 



Growth on AB minimal sucrose medium contain- 
ing biotin (49), plus 5 ng/ml tetracycline selects for 
Agrobacteria containing the vector. Furthermore, 
the use of minimal medium without added amino 
acids selects against E. coli amino acid auxotrophs 
such as HB101. 

Inoculation and establishment of hairy root cul- 
tures 

Plant material: Stems from tobacco (Nicotiana 



lid pNEOIOS containing Chimeric Gen* (NOS/NPT) . 




'fig. 2. Schematic drawings of the nopaline synthase gene 
*ptOS; represented by the white bar) from the T37 Ti plasmid 
(first panel), the neomycin phosphotransferase gene [NPT; 
represented by striped bar) from Tn5 (second panel), and the 
*plasmid pNEOIOS containing the chimeric gene NOS/NPT 
(third panel) where pBR322 sequences are represented by the 
Ihin line. Plasmid pNEOIOS is shown linearized at the Bell site. 
f!The drawings are to indicate relative positions only and are not 
to scale. The following symbols are used for orientation: start- 
site of transcription ( + 1), startsite of translation (ATG), site of 
jtranslational termination (UAA or UOA), and site of transcrip- 
tional termination (polyA). The 'atg' refers to a region of the 
W/Tgene containing an ATG codon (other than the initiation 
iATG) that we did not include in the NOS/NPT gene. Bevan (6) 
'and Fraley et al. (21) report that the elimination of this 'atg' in 
[a chimeric gene construction similar to NOS/NPT results in a 
'higher level of resistance to kanamycin. The symbols for restric- 
faon enzymes sites discussed in the text are the following: Bam- 
jffl (Ba), Bell (Be), BglH (Bg), EcoRI (E), Hindlll (H), Smal 
j(Sm), and Sphl (Sp). At the bottom are the DNA sequences in 
the vicinity of-the BglU and BamHl linkers in the NOS/NPT 
gene. The numbers refer to the numbering system of Depicker 
et al. (18) for the NOS gene and to the numbering convention 
of Beck et al. (4) for the NPT gene. Note that the NOS/NPT 
gene is drawn in the opposite orientation to that in Fig. 1. 
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tabacum, cv. Xanthi), tomato {Lycopersicum es- 
culentum, cv. red cherry), soybean (Glycine max cv. 
Williams 82) and alfalfa (Medicago sativa cv. 
CUF101) plants grown in a greenhouse were steri- 
lized by soaking in 0.5% Ca(OCl) 2 + 0.25% Tween 
80 for 30-60 min and then washed 3-4 times with 
sterile distilled water. The stems were cut in sections 
(2-3 cm), inverted and transferred aseptically to 
solid hormone-free TM-1 medium (40) + 250 mg/1 
cefoxitin (Merck, Sharp and Dohme) or recently, 
cefotaxime (Calbiochem) in plastic boxes. Some of 
the Agrobacterium strains are resistant to ampicil- 
lin and to Carbenicillin but not to cefoxitin (11) or 
cefotaxime (23). Over a period of 6 months, a mini- 
. mum of 5 individual plants of each species were 
used. A bacterial suspension in stationary phase, 
taken from either solid or liquid selective medium 
containing tetracycline, was spread on the upper 
surface of the inverted stem section. The inoculated 
stem sections were incubated at 25 °C in low light 
with a 16 hr photoperiod. Roots emerging from the 
top of the stem section after 2-3 weeks were ex- 
cised several days later when about 1 cm long and 
transferred to the same medium. They were grown 
in the dark at 25 °C and subcultured every 3 to 4 
weeks. In order to select for kanamycin-resistant 
hairy roots, roots were transferred to hormone-free 
TM4- medium (40) containing cefotaxime 
(300 mg/1) and kanamycin (20-30 mg/1 for alfal- 
fa, 30-50 mg/1 for tomato, 25-30 mg/1 for tobac- 
co, and 20-100 mg/1 'for soybean). After 2 weeks 
roots which were still growing were considered to be • 
kanamycin resistant. Higher levels of kanamycin in 
this assay slowed the growth of all roots, even those 
expressing high levels of NPT, while lower levels of 



iFig. I. Schematic drawings of the steps in the construction of vectors pARC4 (panel A) and pARC8 (panel B). 
^Fragments from pTiT37 containing the left terminus sequence (EcoRI 29) and the nopaline synthase gene plus right terminus sequence 
HHindlll 23) were sequentially cloned into pUC8 creating pUC8-22-21 and then pARCl. To eliminate a Hindlll site and an EcoRI 
Isite in pARCJ, it was digested with BstEII, the ends were filled in, a BglH linker was inserted, and it was cut with Bglll and religated 
o form pARC3. After linearization with BglH, pARC3 was inserted into the Bglll site of pRKMl (a derivative of pRK290 without 
„un EcoRI site) to create the binary vector pARC4. The binary vector pARC8 was created by the replacement of the 'small' EcoRI- 
fBamHl fragment from PARC4 with the 'large' EcoRI-BclI fragment of pNEOIOS: Note that the the NOS/NPT gene is drawn in the 
^opposite orientation to that in Fig. 2. The symbols used for regions of DNA are the following: bacterial genes for resistance to tetracy- 
cline (Tet) and ampicillin (Amp); origin of vegetative DNA replication (oriV); origin of conjugative transfer (oriT); pBR322 or PUC8 
[sequences (open bar); pTiT37 EcoRI fragment 29 (bar with large dots); pTiT37 Hind fragment 23 (bar with small dots); pRK290 se- 
quences (thin line); right and left termini sequences (flags); pTiT37 nopaline syrfthase gene (NOS); NOS/NPT gene (striped bar). The 
•jocation of restriction enzyme sites discussed in the text are indicated. Where the name has been crossed out, the restriction site has 
s i>een eliminated. The vector pARC4 is about 26 kb including a transferred DNA of about 5 kb while pARC8 is about 28 kb including 
k transferred DNA of about 7 kb. Panel C, which is drawn to scale, contains detailed restriction enzyme maps of the region around 
.the transferred DNA in pARC4 and pARC8. 



kanamycin permitted some roots without a NPT 
gene to continue growing for 2 weeks. Kanamycin- 
resistant roots all contained NPT II activity based 
on the native gel assay of Reiss et al. (39). To in- 
crease the quantity of tissue rapidly, we transferred 
the roots to the same medium without kanamycin. 
•Prior to DNA isolation, roots were propagated 
without cefotaxime to verify that they were free of 
bacteria. 

In preparation for hypocotyl infections, seeds 
were sterilized by soaking in 70% ethanol for 2 
minutes, then in 20% of commercial bleach for 30 
minutes and finally washed 3-4 times with sterile 
distilled water. The seeds were germinated on TM-1 
medium in plastic boxes. Seedlings were infected 
with Agrobacterium after 2-3 weeks by wounding 
the hypocotyl with a needle tip covered with 
stationary-phase bacteria. The roots were then han- 
dled as described above. 

Nopaline assay and DNA analysis 

For the nopaline assay, tissue (20-100 mg) in a 
1.5 ml Eppendorf tube was homogenized using a 
wooden applicator stick. The debris were pelleted 
for 5 min in a Brinkman Eppendorf microcen- 
trifuge. Up to 50 ii\ of supernatant was pipetted 
onto 5 mm filter paper discs (Whatman #3). The 
discs were air-dried and then placed at the origin 
prior to high voltage paper electrophoresis and 
staining essentially as described by Otten and Schil- 
peroort (37). For DNA analysis, gels were prepared 
for Southern transfer and hybridization essentially 
as described in Thomashow et al. (45). 



Construction of the binary vector pARC4 

Figure 1 A illustrates the steps in the construction 
of our first vector, pARC4. For the purpose of 
DNA manipulations in bacteria, the vector con- 
tains a wide host range bacterial replicon, a bacteri- . 
al origin of transfer, a bacterial antibiotic resistance 
marker, and unique restriction enzyme sites. The 
wide host range origin of replication (oriV), der- 
ived from the wide host range plasmid RK2 (19), 
permits replication of the plasmid in both Es- 



cherichia coli and in Agrobacterium. In contrast 
pBR322 and ColEl replicons are unable to replj! 
cate in Agrobacterium. The origin of transfer 
(oriT), also from plasmid RK2, permits the vector 
to be mobilized by a helper plasmid; mobilization 
is the most efficient means to introduce plasmids 
into Agrobacterium. The antibiotic marker, bac- 
terial resistance to tetracycline (Tet) from plasmid 
RK2, allows selection of bacteria containing the 
vector. The unique restriction enzyme sites, EcoRI 
and Hindlll, facilitate the insertion in vitro of 'for- 
eign' DNA fragments into the vector. 

For the purpose of transferring DNA to plant 
cells, pARC4 contains the signals (termini se- 
quences) which Agrobacterium uses to delimit the 
DNA it transfers to plant cells - the foreign DNA 
is placed between these two signals. The termini se- 
quences, denoted by flags in Fig. 1, are both der- 
ived from pTiT37, the left from EcoRI fragment 29 
and the right from Hind III fragment 23 (51, 53). 
Although, in some cases, a single terminus region 
has been shown to be all that is absolutely required 
for transfer (9), none of the resulting transfers have 
been characterized. Both termini sequences were 
therefore used to increase the likelihood of predict- 
able and reliable transfer. To identify plant cells 
that contain vector DNA, pARC4 contains the 
nopaline synthase gene (NOS) from the T37Ti 
plasmid as part of the transferred DNA. A rapid 
assay of plant cells can identify those which synthe- 
size nopaline and thus contain the transferred 
DNA. 

In addition to these essential components, the 
vector contains within the transferred DNA the 
bacterial ampicillin-resistance gene (Amp) and the 
narrow host range ColEl origin of replication der- 
ived from pUC8. These could prove useful in rescu- 
ing the transferred DNA from the plant subsequent 
to transformation. Also, during some manipula- 
tions with the vector, such as the replacement of the 
small EcoRI/HindlH fragment in pARC4 with a 
foreign gene, 'Ampscreen' (Bethesda Research 
Laboratories) has been used to screen for the loss 
of ampicillin resistance. Finally, the addition of the 
CoLEl origin of replication permits one to amplify 
the plasmid in & coli (but not in Agrobacteria). 
This facilitates rapid, small-scale plasmid isolations 
and characterizations, as well as the initial prepara- 
tion of the vector. 
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phstruction of the selectable marker TMOS/NPT' 
vector pARC8 

Shown in Fig. 2 is the structure of the plasmid 
;O105 which contains the chimeric gene 
IOS/NPT, a selectable marker for transformed 
lant cells. The 'NOS/NPT gene consists of the 
jrornotor and transcriptional termination site of 
nopaline synthase gene (NOS) from pTiT37 and 
coding region from the neomycin phos- 
photransferase II (NPT) from the bacterial trans- 
pson Th5. 

As illustrated in Fig. IB, the vector pARC8 is 
imilar to pARC4 except that the NOS marker is 
•placed by the NOS/NPT marker, which functions 
i plant cells to produce the enzyme neomycin 
hosphotransferase II. Plant cells containing the 
nzyme are resistant to kanamycin. Further, the 
resence of the enzymatic activity can be assayed 
irectly (39). 

ntroduction into Agrobacterium 

The vectors pARC4, pARC8 and their derivatives 
rere transferred by conjugation to several Agrobac- 
irium strains including A4 (48) and LBA4404 (36). 

2 out of 68 occasions, we found that a vector 
onstruction had a different structure in Agrobac- 
irium than it had in E. coli. Klee et al. (29) have 
ilso observed an alteration in the structure of a bi- 
iary vector after transfer from E. coli to Agrobac- 
erium. 

Plant transformation 

\ Using Agrobacterium rhizogenes strain A4, con-) 
aining either the nopaline (pARC4) type vector of 
he NOS/NPT (pARC8) type vector, we inoculated, 
nverted stems or hypocotyls of tobacco, tomato/ 
ilfalfa and soybean. The resulting roots were ex- 
cised and transferred to hormone-free meqia^affd 
;rown as separate root clones. Neither uninoculat- 
d tissue nor tissue inoculated with a disarmed A. 
umefaciens strain (LBA4404, ref. 36) produced 
oots with tomato, tobacco or alfalfa. In contrast, 
roch controls frequently produced roots with soy- 
bean. Table 2 summarizes the results of assays on 
he roots from each of the four species either for 
he presence of nopaline or for ability to grow in 
he presence of kanamycin. Since the type of insert 



Table 2. Transfer of nopaline synthesis and kanamycin resis- 
tance markers into roots resulting from infection of 4 plant spe- 
cies with A. rhizogenes containing pARC4 type or pARC8 type 



Proportion of independent rootst 

Nopaline Kanamycin 
Positive Resistant 
(pARC4 Type) (pARC8 Type) 



Alfalfa 
Stem Section 
Hypocotyl 



Soybean 
Stem Sectior 
Hypocotyl 



NT' 

2/40 (4%) 

18/95 (19%) 

16/90(18%) 

0/80 (0%) 
NT 



t As discussed in the 
roots were hairy roots 
were untransformed. 
* NT - Not Tested. 



had no apparent effect on the results, we report the 
data grouped by type of vector. The results include 
pARC4, pARC4 containing 8 different inserts rang- 
ing in size from 3 kb to 7 kb, pARC8, and pARC8 
containing a 4 kb insert or a 7 kb insert. Only 
pARC8 was used with all four species. 

Surprisingly, over 50% of the roots, derived from 
the infection of alfalfa stem sections with A4 con- 
taining pARC4 or a pARC4 derivative, synthesized 
nopaline. The percentage of nopaline positive roots 
in pARC4 experiments was higher than the percent- 
age of kanamycin resistant roots in pARC8 experi- 
ments using either alfalfa hypocotyls, tomato 
hypocotyls or soybean stem sections. Since, the 
nopaline assay was a screen and the kanamycin re- 
sistance was used as a selection, one explanation is 
that the level of kanamycin used for selection was 
too high for some transformed roots to survive. 
Kanamycin slowed the growth of hairy roots in our 
experiment, even those expressing high levels of 
NPT. Also, kanamycin promotes an alternative de- 
velopmental pathway, shooting, in tobacco and car- 
rot (38). Another explanation is that DNA transfer 
from pARC4 may be more efficient than DNA 
transfer from pARC8. 
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Analysis of DNA from transformed plant cells 

DNA was isolated from roots, digested with one 
of several different restriction enzymes, fractionat- 
ed by gel electrophoresis and transferred to 
nitrocellulose. The resulting Southern blots were 
probed with radiolabeled DNA corresponding to 
portions of the vectors. 

If there were faithful transfer of DNA to the 
plant cell, we would expect all of the DNA between 
the termini sequences to have been transferred. Ex- 
amples of faithful and aberrant transferred copies 
are shown in Fig. 3. Constructs pRUD26 and 
pRUD27 contain two different versions of a chi- 




Fig. 3. Southern blot analysis of DNA from soybean hairy 
roots incited by A4(pRUD26) or A4(pRUD27). 
The DNA in each lane was digested with both EcoRI arid Hin- 
dlll, electrophoresed, blotted and hybridized with nick- 
translated pK26 which contains 1.5 kb of soybean DNA 
representing the SRS2.1 small subunit promotor (McKnight, 
T. D. and Simpson, R. B., unpublished). Lanes 1 and 2 show 
5 copy- and 1 copy-per haploid genome reconstructions for 
pRUD26. The lower band in these lanes indicates the expected 
size (3.6 kb) for a faithful, full length transfer of this fragment 
to the plant genome. Lane 3 contains DNA from untrans- 
formed soybean leaves and shows the t.S kb band representing 
the endogenous soybean small subunit promotor fragment from 
which the probe was derived. Lanes 4 and 5 represent DNA 
from 2 independent soybean hairy root lines (A2 and M3) aris- 
ing from infection with A4(pRUD26). Lanes 6 and 7 represent 
DNA from 2 independent soybean hairy root lines (Kl and Ql) 
arising from infection with A4(pRUD27). Lanes 8 and 9 show 
5 copy- and I copy-per haploid genome reconstructions for 
pRUD27. The lower band in these lanes indicates the expected 
sire (2.4 kb) for a faithful, full length transfer of this fragment 
to the plant genome. 



meric gene inserted into pARC4 (McKnight and 
Simpson, in preparation). The chimeric genes are 
composed of portions of a gene from soybean 
(SRS 2.1 from ref. 5) encoding the small subunit 0 f 
ribulose bisphosphate carboxylase (SS) and the 
coding region of the neomycin phosphotransferase 
gene {JNFT, ref. 4). The probe and the hybrid 
SS/NPT genes were derived from a 1.5 kb soybean 
small subunit promotor fragment. Lane 3, which 
contains DNA from untransformed soybean leaves, 
has a 1.5 kb band representing the endogenous 
small subunit fragment. This band is also visible in 
the other lanes containing soybean DNA. The soy- 
bean hairy root lines A2 and M3 resulted from in- 
fection by A4(pRUD26). The DNA from line A2 
(lane 4) shows a band of hybridization of about 
single copy intensity with the same mobility as the 
3.6 kb band in the reconstructions (lanes 1 and 2). 
This suggests that there has been a faithful transfer 
of this fragment from pRUD26 to the soybean ge- 
nome. DNA from the soybean hairy root line M3 
in lane 5, shows several bands which hybridize to 
the probe. These bands are present at near single 
copy levels, but none are of the expected size sug- 
gesting that they are aberrant copies. Lanes 6 and 
7, contain DNA from two independent soybean 
hairy root lines transformed by A4(pRUD27). In 
both lanes a single copy, full length band can be 
seen with a mobility of 2.4 kb. In addition to this 
faithfully transferred fragment, the DNA of line Kl 
in lane 6 has a fragment of higher molecular 
weight. One likely explanation for this larger size is 
that transfer of the T-DNA stopped short of the 
EcoRI site which is near the left termini sequence 
of pARC4 (see Fig. 1) and thus the copy is an aber- 
rant one. This larger fragment presumably ends at 
an EcoRI site near the integration site in the soy- 
bean genome. 

Fig. 4 summarizes our conclusions about the 
copy number and structural integrity of the DNA 
in 12 root lines from the infection of soybean, alfal- 
fa and tobacco based on Southern blot analyses. 
For each of the lines analyzed, the copy number 
was estimated by comparing the intensity of the 
hybridization signal to the reconstructions, in addi- 
tion to the size and number of non-internal (bor- , 
der) fragments derived, for example, from restric- 
tion with EcoRI or HindlH alone (data not 
shown). The figure shows the number of root lines 
with the indicated approximate copy number. 




Fig. 4. Copy number and structural integrity of vector DNA 
found in transformed roots. 

Summary of the structural analysis of DNA from 12 root cul- 
tures initiated by Agrobaclerium rhizogenes A4 containing the 
vectors pARC4, pARC8 or one of these vectors with an insert. 
Each culture is represented by a box where the species is as indi- 
cated. The approximate number or copies of the DNA trans- 
ferred from the vector is based on Southern blot analyses. A 
box with hatching denotes that one or more of the copies was 
'aberrant' as described in the text. 



Fig. 4 also illustrates which lines contained at least 
one 'aberrant copy' as indicated by the presence of 
bands on the Southern blot other than the expected 
internal fragments when an internal probe was 
used. The approximate copy number of the vector 
DNA in these lines varied from one to four. Of the 
12 lines, 9 contained the expected portion of the 
vector DNA. 

The Ri plasmid from A. rhizogenes strain A4 
contains two separate DNAs that can be trans- 
ferred to plant cells. The presence of the left T- 
DNA in 7 independent alfalfa root lines was exam- 
ined by probing with pFW94 (28). In each case, 
transfer of the left T-DNA was indicated by the 
presence of bands with the mobilities expected of 
the 4.2, 3.4, 1.8 and 1.6 kb Hindlll fragments inter- 
nal to the left T-DNA (28), as well as other bands 
that probably represent border fragments. 



We have constructed two binary, disarmed vec- 
tors based on the Ti plasmid of Agrobaclerium 
tumefaciens. Each vector, in several different 
Agrobaclerium strains (this work and unpublished 
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data), transfers DNA to plants. As described in the 
Results section, the vectors contain several features 
which allow them to be easily manipulated. Also, 
for the identification of transformed plant cells, 
one vector (pARC4) contains the nopaline synthase 
(NOS) marker while the other (pARC8) contains a 
chimeric gene composed of regulator signals from 
the NOS gene driving the expression of the neomy- 
cin phosphotransferase marker (NOS/NPT). 

The use of binary vectors introduces additional 
flexibility to plant transformation approaches. 
Once a vector construction is complete, it can be 
used without modification in any of several differ- 
ent Agrobaclerium strains including LBA4404 (un- 
published work; 3, 6, 29), an Agrobaclerium mu- 
tant containing the functional vir genes but no 
T-DNA (36). Our use of binary vectors in Agrobac- 
lerium rhizogenes permits the unusual regeneration 
potential of hairy roots (10, 12, 43, 44) to be ex- 
ploited in conjunction with an efficient vector sys- 
tem. 

The choice of plant species inoculated made a 
considerable difference to the proportion of roots 
that were positive for the vector marker nopaline 
synthase (Table 2). It was technically easy to iso^) 
late a reasonable number of hairy roots that con-/ 
tain the appropriate marker using alfalfa, tomatof 
or tobacco where up to half of the roots assayed? 
were positive. However, to find positive soybean 
roots perhaps ten times more roots must be assayed 
since only a few percent of the soybean roots aris«^ 
ing from the infection site were hairy roots. Perhaps 
even a high percentage of soybean roots which were 
hairy roots, synthesized nopaline. This conjecture 
is based on the high background production of soy- 
bean roots in the absence of Agrobacleria and on7 
the observation that nopaline-containing roots haa 
more lateral roots and an increased growth rate 
compared to normal soybean roots. 

Each of the seven nopaline positive roots of al- 
falfa examined by Southern blot analysis contained 
both vector DNA and Ri plasmid DNA, confirm- 
ing that the roots were in fact transformed, hairy 
roots. Thus, there was a high frequency of co- 
transfer to a plant cell of two distinct T-DNAs 
which originate on two separate bacterial replicons. 
Binary vectors have been derived from two differ- 
ent broad host range plasmids (pR772 and pRK2), 
the vectors contain termini sequences from either 
an octopine Ti plasmid (pTiAch5 or pTiA6) or a 
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nopaline Ti plasmid (pTiT37), and the vectors func- 
tion in Agrobacteria containing any one of four 
families of Ti/Ri plasmids (3, 6, 17, 24, 25, 29). In- 
deed, T-DNA can be transferred to the plant even 
when moved to the bacterial chromosome while the 
vir genes remain plasmid borne (26). Thus, it is un- 
likely that the two plasmids must be a co-integrate 
to transfer DNA from the vector (17, 24). The 
transformed roots are organ clones and also proba- 
bly cellular clones (12) suggesting that plant cells 
frequently can take up a second unlinked marker in 
addition to the first, selected marker. 

The data at this point do not show a significant 
difference in the number of copies of vector T- 
DNA per plant cell using the two different vector 



approaches. The range reported in this [ 
(Fig. 4) for a binary vector, approximately 1 — s7 is 
consistent with the range for transformed plants 
derived from another binary vector (29) and from 
co-integration vectors (13, 16, 20, 21, 55). However 
5-20 copies have been reported in plants derived 
from a binary vector (6, 7, 29) and from a co- 
integration vector (14). 

The data summarized in Fig. 4 indicate that 9 of 
12 independently isolated root cultures contain the 
portion of the vector DNA that stretches from the 
left terminus sequence to the right terminus se- 
quence. In each case, we ascertained the presence of 
an EcoRI site which lies only about 50 basepairs in- 
side the left terminus sequence. It is thus a very sen- 
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Fig. 5. Summary of T-DNA Structures in crown gall tumors. 

On the left is a list of crown gall tumors incited by wildtype Agrobacterium tumefaciens octopine strains with the exception of the 
three lines preceeded by an asterisk (•) which were incited by wildtype nopaline strains. The letter or letters under the column headed 
'T-DNA' indicate the structure or structures of the T-DNA in that line which were established by Southern blot analysis. We did not 
include data from tumors incited by insertion mutants or the data concerning the right T-DNA of the octopine Ti plasmid. The letters 
indicate whether the data is consistent with the T-DNA ending at the termini sequences (A), not reaching the left terminus sequence 
(B), not reaching the right terminus sequence (C), not reaching either terminus sequence (D) or extending past the left terminus se- 
quence (E). On the right are schematic illustrations of each type of T-DNA structure. They are not drawn to scale. The structures 
are derived from the following references: 45 (A6S/2, B6806/E9, 15955/1, A277/5); 15 (Tu-B6S3, WB-B6S3, SRI-B6S3, WB-A6, A- 
Ach5, P-Ach5); 35 (4013-1 ; 40.13-2, 4001, 4229, 4013-5, 4013); 33 (Vertus ACH5, Vertus B6 oct+, Vertus B6 oct-); 46 (PSCG15955); 
31 (W38C58-I, BT37); 50 (LBA40I3-4); 2 (Bla4); 30 (1595501); 22 (FT37/1). 
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sitive indicator of transfer near the left terminus se- 
quence. Published DNA sequence analysis of the 
extent of T-DNA transfer from wild type nopaline 
Ti plasmids showed that one T-DNA ended in the 
left terminus sequence and included this EcoRI site 
but three others ended about 20 to 30 basepairs to 
:the right of this EcoRI site (51, 53).- Our analysis 
did not include restriction enzyme sites closer than 
about 1.5 kb from the right terminus sequence. 
•However, the roots did synthesize nopaline and 
Shaw et al. (41) have shown that the nopaline syn- 
thase promotor requires sequences including those 
less than 350 basepairs from the right terminus se- 
quence. Also, all four of the nopaline T-DNAs, 
which were characterized by DNA sequence analy- 
sis, ended within one base of the right terminus se- 
quence (53). 

The analysis of DNA from transformed roots in- 
dicates that the termini sequences of A. tumefa- 
ciens can function in A rhizogenes. The termini se- 
quences and other interacting factors appear to be 
functionally interchangable between octopine and 
nopaline wide-host-range Ti plasmids, octopine 
narrow-host-range Ti plasmids, and Ri plasmids (3, 
17, 24, 25). Recent DNA sequence analysis con- 
firms that Ri and Ti plasmids have similar termini 
sequences (42). 

At least 3 of the 12 root cultures that we exam- 
ined contain a minimum of one 'aberrant' copy of 
the vector T-DNA. This frequency can be compared 
to the frequency of aberrant copies from wild type 
Ti plasmids which we have summarized from the 
literature in Fig. 5. The structure of T-DNA copies 
(based on Southern blot analysis) in 26 tumors is 
indicated by letters. Data consistent with a 'perfect' 
transfer (A) is found in 16 cases but in 9 cases, at 
least one copy of the T-DNA does not reach the left 
terminus sequence (B) or does not reach the right 
terminus (C) or does not reach either terminus (D). 
In one case the T-DNA stretched past the left termi- 
nus sequence (E). Thus, the frequency of faithful 
transfer from our vectors is similar to the frequency 
with wild type Ti plasmids. 
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\ -tnannopioe ttraio 8190 oocunta k a ir«i«iKj »• *w «"■-"' genotypes. 



Induction of hairy roots on cultivated soybean genotypes and their use to 

detectable opines developed from hypocotyl inoculations both at the 
wound lite and at a region directly below the cotyledons. Transf rnwd 
roots differentiated from globular callus at the wound lite on cotyled ns 
infected with virulent A. rMioftnti. Opine«ontaining hairy roots were 
established permanently in tissue culture and eshibited typical hairy ro t 
morphologies and growth parameters. Infection of soybean eullivar 
Williams 82 hairy root cultures with seeond-stsge juveniles or cysts f , 
the soybean cyst nematode. Heurodera glycines race 3, led t the 
appearance of mature cyjti about 3 wk later. The nematode was 
rf by excising an infected root and transferring it to a fresh 



■m 



$Aznbacitrium rhlxogenes, the causal agent of hairy root 
-'disease, induce* the proliferation of neoplastic, transformed roots 
(1,35.37). During infectionf the T-region. a segment of the root- 
;&dtWBg (Ri) plawnid in A. rhlxogenes, is transferred and stably 
'integrated into the plant genome (5). Upon expression of this 
Untcgroted T-DNA, transformed roots rapidly proliferate and 
' synthesize certain low molecular weight carbon compounds called 
:Spi«ea (25). F ur pmMype Ri pkamid. have been identified 
l 'Agropine-. mannopine-, cucum pine- and miktmoplne-type Ri 
. ptasmlds harbored in strains of A. rhtiogenes mduc* transformed 
' roots which •yathesize ihe itrairwpecific opines (7,1 1 , 13.26). 
= - : Recently, hairy r ot cultures have been used to cultivate obligate 
root parasites. PLumodlophoro brau..* Woronin and Polymyxa 
bciae KttkiB. both btigater ot-iimabiUng fungi, can be propa- 
gated on tranrfortnod root cultures f sugar beet (19). Infections 



with vesicular-arbusculer mycorrhieol fungi. Glomus rnosseoe 
Gerdemann & Trappe and Cigaspora margarita Beker A Hall, 
have been obtained on hairy root cultures of Convolvulus stplum 
L. (20). In addition, the root-knot nematode, Mtloldogyne 
uvcnlea, has been propagated on transformed root cultures f 
potato {Solatium tuberosum L.) and tomato {Lytoptrskon 
escuUntum Mill.) (32). Such cultures are being used f r routine 
maintenance of the nematode and to study the parasiusm tM. 
lavanico by Pat'iurla penetrans (Thome) Sayre & Starr (33). 

Soybean (Glycine max (L.) Merr.) is grown widely in the United 
Stales as a source of oil and high-protein meal. Annually, the 
soybean crop is valued at an estimated 1 1 billion dollars. Hetero- 
dtra glycines Ichinohe, the s ybean cyst nematode, occurs in 
Canada, the Peoples' Republic or Chinr. Colombia, Ind nesia. 
Japan, Korea, the Soviet Union, and throughout the s ybean 
producti n areas of the United States (29). This obligate ro t 
parasite is a maj r yield-limiting pes' "t soybeAn in the United 
Slates (12). 
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. ■'■ The soybean cyst nematode can be flbagated gnot bioiically 
ba normal soybean root explants (MjWowever, this technique 
^requires thee ntlnual establishment of r texplanu because these 
£. rgam have a detemiinant period f gr wth in culture. Soybean 
lihaiiy roots, which sh uld exhibit indeterminate growth in tissue 
J culture, could provide an alternative t normal root explants for 
£ monoxenie pr pagati n and study of obligate soybean root para- 
mattas" such as the soybean cyst nematode. 
, -.The few reports in the literature suggest that A. rhiiogrnrt- 
E&'induced hairy roots arc dUficull to establish n soybean. Re- 
ft', •pontes of 26 genotypes of 0. max to induction of hairy roots 
'.. by Agrobatitrtum strain AI36 harboring pRiA4b have been 
reported (23). Seven of the genotypes produced roots at the infec- 
: : .'U n sites, another eight produced only small galls, and the . 
'/ remaining II did not respond to inoculations with this bacterial 
E*| strain. However, attempts. to'culture these roots were unsuccessful, 
grin addition, primary 5061s were not characterized with respect 
". to pine content or other hairy root markers (23). Recently, Rech 
' and co-workers (28) induced hairy roots on G. cenrsans, a wild 
;• Clyclnt spp. Permanent cultures could be established and the 
,-. transformed roots were regenerate. However, hairy root cultures 
f the di nesticated genotypes of G. max have not yet been 



•This paper describes I) an investigation into genotype, paiho- 
i|i gen, and infection parameters necessary to induce hairy roots 
~ ;; on 0. max, 2) the establishment and characteristics of soybean 
■ s hairy root cultures, and 3) the use of these cultures for the axenic 
propagation of the soybean cyst nematode. 

V"'- MATERIALS AND METHODS 

- Soybean genotypes. The 10 genotypes of Glycine max used 
in this study were acquire) from R. L. Bernard, curator. USDA 
Northern Soybean Germplasra Collection, University of Illinois 
h at Urbana-Champaign, Urbana. Soybean seeds were surface 
i by soaking in 2.1% sodium hypochlorite for 20 min 



followed by two^pnin washes in sterile distilled water. Seeds t, 
then were plated onto sucrose water agar (5.0% suer sc in 0.8% J 
agar) medium (SWA) to all w germination and t select for sterile 
seeds. Germinating seeds were transferred to 25- X 150-mm test 
tubes containing 10 ml of SWA. $ 

Bacteria. Four strains f A. rhizogenes were evaluated f r their '$ 
ability to induce transf rmcd roots on 10 soybean gene' **.; 
Two agropine-type strains, A4 and 1855, and ne mannopine^ 
stiain, SI96, were from our collection. The cucumopine strain, $] 
K599, was obtained from Allen Kerr, Waite Institute, Olen '' 
Osmond, 5064— South Australia. Nonpathogenic strain NT- 1 is 
A. lume/aciens strain C58 cured of its Tt plasmid (34). Bacterial 
strains were grown in yeast extraet-mannitol liquid medium (27) 
with aeration at 28 C. 

Plant Inoculations. Soybean seedlings were inoculated after the 
emergence vegetative stage (10). The onset of vegetative stage 
in the 10 selected soybean seedling genotypes varied between 6 
and 15 days after plating seed on SWA. Inoculations were per- 
formed with a scalpel previously dipped into an overnight culture ( 
or the strain of Agrobacterium being tested. Cotyledons were : 
inoculated by cuti'ng the abaxial face several times to form a 
checked wound site. Hypocotyl segments were inoculated by 
making 2.0-cm-tong longitudinal cuts. Twenty seedlings of each 
genotype were inoculated at each site for each bacterial strain 
tested. Inoculated seedlings were returned to 25- X 150-mm test 
tubes and incubated in growth chambers under cool-white fluores- 
cent lighting for a 16-hr pholopcriod at 25 C. 

Establishment of root cultures. Cotyledons and hypocotyls with 
root primordia were transferred to 25 ml of liquid MonMor 
medium in 25- X 100-mm culture plates. MonMor medium con- 
sisted of Monnier's salts (17) containing Morel's vitamins (18), 
86 mg L"' of ferric-sodium salt EDTA according t .Murashige 
and Skoog medium (21) and 20.0 g L~* of sucrose. The pH was 
adjusted to 5.8 before autoclaving for 20 min at 118 C and 
1 .0 g cm" 1 . After autoclaving, the medium was cooled to approxi- 
mately 45 C and carbenicillin at 500 mg L~* was added to inhibit 




icwnalgrowtkFor'propagatfon of the ioy9 «y»« nematode, 
ftpVr xftaately 2.0 g of verified Uniformed r li were 
wbcultujtd from MooMor liquid medium t Uuritis medium 
"^bl5) coataining 16.0 g L"' f Difco Baclo agar in ISO- X 25- 
imxullure plates.' ■ ■ - - '••':.-'* 
^Optoa analysis. For the detecti a f the mannityl opines, 
proximately 0J. g f root tissue wis macerated in 100 m' of 
% it hanol containing 10 «IoFUk electrophoresis running buffer 
wmpmak idd/toetie acid/water, 3:6:91, v/v/v. pH = 1.9). For 
&c3&ecti n*f cucumopine, root tissue was macerated in distilled 
igwaicr la each case supernatant* were recovered following cen- 
Ilrifugalioo. Twenty mfcrolitere of supernatant extract was spotted 
SoV WhtUMfl 3 MM paper. The spoU were allowed to dry. and 
^the: papers were wetted with the running bulTer and subjected 
WL'bty ivoluge paper electrophoresis (H VPE) at 4.000 V for 1 2- 1 5 
Mmin. The electrophoretograms were dried in a stream of warm 
j$|air until no odor of acetic add could be detected. 

STABLE I. Frequency of hairy root Induction on cotyledon! of gcnoiypci 
2pt. Gtfdm max Inoculated with on* of four strains of Agrobeeitrlum 



Opine positive roots / total roots' 
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0/0 
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0/0 
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0/0 
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3/14/200 


2/7/200 



rt inoculated with etch strain of A. rhito- 
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Mannityl opines were^aliied with the alkaline silver nitrate 
reagents of Trevelyan and co-workers (31). Electrophoretograma 
were dipped in silver nitrate solution (4 g of silver nitrate in 
20 ml f water diluted to I L with acetone) and dried thoroughly. 
The spots were developed by dipping in ethanolic NaOH (2% 
NaOH in 90% ethanol). The papers were subsequently dipped 
in Kodak fixer and rinsed with distilled water for IS min (e). 

Cucumopine and its acid-degradation product were visualized 
with the Pauly reagent by spraying the dry eledrophoretograms 
lightly with a solution containing equal pBrts of sulfanyhc and 
(1.0% in I N HCI) and sodium nitrite (S.0% m water). Papers 
were allowed to dry and then sprayed with aqueous 15% sodium 
carbonate (8.24). Cucumopine and its aeid-degradation product 
appear as reddish and bluish spots, respectively, as the paper 
is sprayed with sodium carbonate. 

Spots were identified as opines by comparing their electro- 
phoretic mobilities and staining properties with those of authentic 
standards. Mannopine. mannopinic acid, agropme, and agropime 
acid were synthesized by Yves Dessaux in our laboratory, Cucu. 
mopine was syntheized from L-histidine and a-ketoglutanc add 
(7) by Paul Honselmann, ilso in our laboratory. Extracts prepared 
from normal leaf or root tissues or from authentic hairy rots 
of Nkoilona tabacum L. 'Xanlhi NO' were included on electro- 
phoretograms as negative and positive controls, respectively. 

Propagation otHtttrodtra glycine*. Soybean cullivar Williams 
82 transformed root cultures, freshly transferred to plates con- 
taining Uuritis medium (14), were inoculated with six t t ght 
gravid females of H. glycines race 3 from gnotobiotie culture 
(15). Alternatively, second-stage Juveniles (J2) from pot cultures 
were collected and surface sterilized by soaking in a solution 
containing 100 mg IT' of HgCI, and 1.000 rog L" of sterde 
streptomycin sulfate. Nematodes were washed twice with sterile 
distilled water by centifugation (16). Between 50 and 100 J2 were 
added to the subcultured transformed root cultures gr wn n 
Lauritis medium. 

RESULTS 

Differentiation of roots at Inoculated sites. After approximately 
10 days, globular callus tissue appeared at some of the w und 
sites of cotyledons inoculated with strains of A. rhlzogents. Exten- 
sive splitting of hypocoiyls with no callus formation occurred 



■ ■ w. 
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f extracti from uansfonned rdo.s of soybean incited by Atroboatrlum rhlmtnts strain ^. Standards (S) 
f e.trecu ^ « c » u ; opine {Cb) eB(J his| y i(Jine (Hp) . {C+) , Ea.raet of lobacco hairy root, ^9 
Olher lanr* contain root extracti fi 
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\f. , on inQculatcdhypocoiyls with all bactdttstrains tested. Fifteen 
'". t i25 days after inoculati n of eoiyletrons with strains of A. 
rhizogirut, r ot primordia differentiated from globular callus 
■ tissue. Hypocotyb inoculated with virulent strains of A. rhiiogtnet 
' w • . r the nonpathogenic strain NT-I gave rise to roots at the 
inoculation site and at a region about 0.5 cm below the cotyled ns. 
Roots that developed fr m hypocotyls did not contain detectable 
opines in their cell extracts (data not shown). 
When root primordia had elongated to approximately 2.0 cm, 
■ '. ,J.~. the entire hypoeotyl or cotyledon was dissected from the seedling 
1 And transferred to liquid MonMor medium containing car- 
penicillin. Approximately 10% of the roots failed to grow in liquid 
' •': MonMor medium after excision from the seedling. After I wk, 
cl nal lines were established by subculturing single roots. While 
some subcullured roou failed to elongate, most of the roots 
-' showed growth rates of approximately 0.S cm per 24 nr. When 
transferred to solid medium, many of the roots formed a small 
amount f friable callus at root tips (Fig. I). 

R oil containing opines were scored as being transformed (see 
below). Hairy root cultures were established by subculturing 4- 
cm segments of root meristem to 25 ml of liquid or solid MonMor 
medium. Hairy root cultures could be routinely maintained on 
. . . solid MonMor medium by subculturing at J-wk intervals. Hairy 
: r t cultures agitated at 60 rpm in liquid MonMor medium grew 
' ' rapidly and subculturing was necessary every 10 days. 

Efficiency of different strains of A. ehhogtna. Strain K599 
. was the most efficient at inciting hairy roots on cotyledons of 
. the 10 soybean genotypes tested. This strain induced transformed 
t on n 5-85% of the infected cotyledons, depending on genotype 
" (Table I). Cucumopine, the indicator opine associated with tissues 
: ' , ■ V ■ transf rmed by strain KS99, was present in extracts from all roots 
. ■ tested (Fig. 2). 

Root formation following inoculation with agropine strains 
'•. 1855 and A4 occurred at frequencies of 3 and 7%, respectively 
(Table 1). However, the absence of opines in extracts indicated 
. that most of these roots were not truly transformed (Table I 
4;- and Fig. 3). Mannopine strain 8196 induced roots at a frequency 
' '.'/.: of 7%, and only 35% of these were found to contain mannopine 
. •::'/•. and tnannopinic acid (Table 1 and Fig. 3). 

Soybean genotypes. Efficiency of transformed root induction 
• n c tyledons by strain KS99 varied among the 10 soybean 
! " gen types evaluated. Two genotypes. Mandarin and Maple 
O Arrow, were quite responsive, yielding hairy roots in 75-xj% 
' ' •>! of the infected cotyledons. Other genotypes, such as Franklin, 
Peking and Pickett, were relatively insensitive, showing infection 
•'/. rates of less than. 10%. 



Propagation ^) glycine* race 3. Twenty to 23 days after 
inoculation (DAI) with gravid females and 16-20 DAI with J2, 
imbedded and emerging females were observed on Williams 82 1 
hairy roots induced by strain K599 (Fig. 4A). Appr ximately 
4-6 days after cyst emergence, first molting was bserved followed 
by egg hatch and emergence of J2(Fig4B). Second-stape juveniles 
were observed migrating thr ughout the culture (Fig. 4Q id 
mature second-generation females were observed approximately 
6 wk after inoculation (Fig. 4D). The nematode could be serially 
propagated by transferring infected hairy root segments to a fresh 
hairy root culture (data not shown). 

DISCUSSION 

The three variables tested, host genotype, strain of A. rhlzo- 
genes, and site of inoculation all proved important in the successful 
induction of hairy roots on soybeans. In general, cotyledon inocu- 
lations were more effective than stem or hypoeotyl infections. 
This contrasts with results reported by Owens and Cress (23) 
who showed that stem inoculations were more effective than 
cotyledon infection*. However, they did not characterize roots 
appearing at inoculation sites. Our observations that hypoeotyl 
wound sites give rise to normal adventitious roots raises the 
question as to whether the roots appearing at their infection sites 
were truly transformed. In fact, our observations suggest that 
the genotypes of G. max tested have a propensity to form adven- 
titious roots when inoculated with strains of Agrobocitrlum. This 
response depends on inoculation of Agrobaettrium but does not 
require an Ri plasmid. Hypoeotyl infections with strain NT-I 
regularly gave rise to root proliferation at the wound sites and 
at a nonwounded collar region just below the cotyledons. Such 
-oots from plants infected by A, rhizogents and from plants 
infected with strain NT-I contained no detectable opines. A few 
adventitious roots also developed from inoculated cotyled ns. 
However, in such infections the nontransformed roots generally 
arose at the junction between the cotyledon and its petiole, distant 
from the actual wound sites. The roots forming at the wound 
site usually were transformed as judged by the presence of the 
marker opihrs. 

Hairy rrot induction depended on the strain ot A. rhlzogenes. 
Strain KJ99 was by far the most effective in inducing hairy roots, 
with all soybean genotypes tested being sensitive to infection by 
this strain. The one mannopine-type and the two agropine-lypc 
strains of A. rhizogents tested were much less effective at inducing 
hairy roots on soybeans (Table I). These results are consistent 
with those of Byrne and co-workers (2) who failed to obser.e 
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Fig. 3. El etrophoretic analysis f extracts from transformed mots incited by mannopine and agropine-lypc Agrobotmtum rhUogrnrs si rains. 

(S) are: agropine (ACR), mannopine (MOP), mannopinic acid (MOA), and agropinic acid (ACA). Mannopine and mannopinic acid < 
. under Ibex elect rophorttic conditions. Other lanes contain root extracts from: Maple Arrow (MA) ar.d Canter (Q induced by strain I8JJ; 
. B2 (W) and Mapte Arrow (MA) induced by strain A4; Maple Arrow (MA). Mandarin (MD). Kent (KT) and Fayette (FT) induced by sti 

(C+), Extracts from tobacco baity roou incited by strains 8196 and I8S5. (C-), Exirncts from normal tobacco roofs. 



m hairy r ot induction on 17 genotype of «™' n 
M&grvbakMm containing pR»8l96. Nor didMin 8 196 induce 
hiiry roots on <7. *>/<» r <?. eanerewu. This is consistent with 
out' bservali n that strain 8 196 shows p or hairy r ot induction 
<in!the genotype f G. max we tested fTable l). However our 
feiulta contrast with experiment* reported by Pech et al (28) 
iVtranrformati n f ther Glyctnt ipp. They bserved that. 
&hh ugh frequencies varied, a strain herb ring the agropine-type 
ISi plaimid, pRil855, «u highly effective in .transforming several 
ttceselons t G. eaiuseiru, G. ctandutlna. and G. argyrta. They 
alio found hyp cotyla to be more responsive than cotyledons. 
SJ differeiL may be due to dissimilarities in host plant 
.-pedes, chromosomal background! of the bacteria, cultural 
conditions, or a combination of the three factors. 
SHairy root formation also depended on the host plant genotype. 
Hased on frequencies at which oplne-positive roots arose, the 
;0 aoybean genotype* tested could be divided into two groups. 
<jeooiypea Cutter, Fayette. Kent, Mandarin, and Maple Arrow 
were judged t be sensitive, showing frequencies of hairy root 
formation by strain K599 ranging from 50 to 85%. The remaining 
ren lypea were relatively insensitive with transformation 
^ueocks by this strain below 20%. Although the numbers are 
low, the few productive Infections with the agropine- and manno- 
pinc-type strain* of A. rhUogavs occurred most frequently on 
.those gen types susceptible to infection by strain K599 (Table I). 

••Roots at wi*"""* **'*"" ™*** iM '' B *d ** transformed if opines 
rwere detected 



a lusccpiiDie to iwku™ »j »»■•"" » ■ — « 
>und sites were judged as transformed if opines 
in cell-free extracts. Such opine-positive roots 



generally exhibited otheiAnotypes associated with true hairy 
r ots including fast growlPin culture, loss f geotropism, and 
lateral root branching (Fig. I; 22,30). N roorphol gical 
differences were noted among opine-positive roots of various G. 
max genotypes. When established in tissue culture, opinc-positrve 
hairy roots retained their transformed phenotypes. Furtherm re, 
axenic root cultures c uld be maintained f r at least 1 yt by 
transferring root lip cuttings fr m older cultures l fresh medium. 

While i(*-niification based on opine content is sound for analysis 
of roots induced by the cucumopine and mennopine strains, it 
may underestimate the frequency f transformation by agr pine 
strains. This is because, unlike cucumopine and mann pine 
strains, the opine biosynthetic genes in the agropine-type Ri 
plasmids ere encoded on a T-DNA segment separate from that 
which encodes the one genes (9.36). Thus, it is possible that i me 
of the roots resulting from infection by the agropine strains were 
transformed but contained only the oncogenic T-DNA segment 
(3.4). However, the two agropine strains tested were inefficient 
at inducing either adventitious or transformed roots at w und 
sites (Table I). ^ . _ „ , , 

Hairy root cultures of Williams 82 inoculated with H. glycines 
race 3 produced mature cy ts approximately 21 days after nema- 
tode inoculation (Fig. 4B). T.oot cultures could be infected with 
gravid females or with J2, although inoculation with the f rrar 
was simpler and appeared to be more efficient. The lime required 
for development of mature cysts was similar to that reported 
for H. glycines on axenic explant cultures of normal soybean 





fit .4. Propagati a f 
wife Kcond-aiage juvenile* B» Female 21 dayi i 
toot surface. D, Migrating juvenile (err v»). 



root, of soybean cullivar Williams 82. A. Female feeding 14 days after inoculation 
C. Emergence of second-stage juvenile from cysl juvewle (lop arrow) probing 
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' roots (I<15>: After an iddhi nal t »*. i 
cyttavrce bstrved. Indicating that the oJBdt could complete 
V^iis. entire life cycle in traosf rased root culture* (Fig. 4A). 
sip-; Hairy root culture* may provide tome advantages vtr normal 
fel/root explants for moooxcoic culture f If. glycints. Firrt. trans- 
formed raott grow indefinitely in time culture bviating the need 
periodically reestablish new root explains from germinating 
t<ydlipg«- Furtberm tt, because the traiuf rmed rooU are cl nal 
Vffi'in orijrJn.tiiaMhlrrif hr '*y ahuM mute ■ unif rrnity 

V'^ Jb genetic background. Second, hairy not cultures may enhance 
^^lepradnctiw capacity of the nematode. Such was the case f r 



' :?4he propagation of M.Javaikaon cultured tomato hairy roots 
; 3(33). This increase in reproduction was ascribed to the large 
^numbers of lateral rooU prod need by the transformed tissues 
4.(33). Root branching also is cjtaracteristie of soybean hairy root 



^cultures (Fig. I). Third, since the A. rhiiogtnti system provides 



{^conferring nenatode resistance or the biosynthesis of potential 
vjpeootrol compounds could be engineered into the soybean genome 
' Hand directly tested for their efficacy in conferring resistance to 
±%N. glyetim. Finally, a simple method to axenically cultivate At 

, ^^^xn^K^^olotT and genetics of H. glycines. 
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